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EXECUTIVE STATEMENT

This report details the examination of the variability of the granular soil permeability
testing methodology across FDOT Districts. Granular (cohesionless) soil permeability is
an extremely important factor in the performance of rigid pavement systemsin Florida.
Lack of adequate drainability can result in excess pore water pressures devel oping which
can ultimately produce pumping distress. For this reason, the FDOT embarked on an
extensive broad based program to examine various facets of pavement drainage —in both
the field and lab. However, the current Florida laboratory permeability test method (FM
1-T 215) often yields inconsistent results when various district |aboratories conduct
permeability tests on similar soil samples. This can create not only difficulties in the
material approval/regection process, but introduces uncertainty in the long-term
serviceability of the pavement system. Therefore areview of the compaction and
saturation procedures at three FDOT materials officesin Gainesville, Lake City, and
Bartow was undertaken. A study of permeability results using the methods of the above
test locations was conducted. In addition prototype flexible-wall and modified rigid-wall
cylinder molds were created to study the potential reduction in piping between the
apparatus wall and the sample. A parametric study was also initiated to better understand
the overall effect that sample preparation and testing procedures can have on the resulting
coefficient of permeability. After preliminary testing and analysis, amodified rigid-wall

mold was shown to reduce the piping effect and limit the variability in the permeability



testing methodology. Additional testing is required though in order to verify the results
and to examine the variability in the testing methodology. Recommendations for
additional experimentation and improvements to the permeameter setup are provided. A
proposal for more consistent sample preparation and testing procedures statewide has

also been included.
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CHAPTER 1
INTRODUCTION

The determination of the drainability of the base material for use in arigid pavement
system is of primary concern to the civil engineer. The coefficient of permeability of a
soil, along with other geotechnical parameters, gives an insight into the long-term
performance of the material. Therefore the ability to accurately and reliably test for

permeability is needed in both the laboratory and the field.

Presently the Florida Department of Transportation (FDOT) employs the standards set
forth in the Florida Method for (constant head) permeability of granular soils (FM 1-T
215) for laboratory testing. This standard isidentical to the testing methods of the
American Society for Testing and Materials (ASTM D 2434-68) and the American

Association of State Highway and Transportation Officials (AASHTO T 215-70).

These methods employ arigid-wall, or fixed-wall, permeameter. Assuming the standard
preparation and procedure is followed statewide, similar results would be expected from
one test location to the other, given a standard sample. Unfortunately, this does not seem
to bethe case. Accordingto Daniel, et a., fixed-wall cells are subject to a number of
drawbacks, the most detrimental being imperfect contact between the wall of the cell and
the sample, resulting in sidewall leakage during the test. As aresult, the corresponding

permeability values tend to be high. This of course would fall on the unconservative side



of the design envelope, since the actual in-place permeability would probably be lower
than tested. In fact, independent tests performed at the University of Texas concerning
this matter suggest that the permeability values can vary by at |east one order of
magnitude due to sidewall leakage. Others cited disadvantages of this type of
permeameter include: incomplete saturation due to lack of backpressure, inability to
determine the amount of swelling or shrinkage, and lack of control of stresses acting on

the sail.

1.1 Review of Current Florida Method (FM 1-T 215)

This section provides an overview of the Florida Method and details the instructions
outlined for sample preparation and the procedures for obtaining the coefficient of
permeability. A copy of the standard testing methodology is given for reference in

Appendix A.

1.1.1 Sample Preparation

This section describes the procedures for sample preparation as outlined in the Florida
Method. The standard recommends minimum cylinder dimensions for the permeameter
based on the grain size of the soil. The sub-sections detail the procedures and

recommendations for compaction, saturation and air evacuation.

1.1.1.1 Compaction

The standard states that the soil can be placed in the permeameter to reach a minimum

density (0 % relative density), maximum density (100 % relative density), or an



intermediate density (between 0 % and 100 % relative density) based on the desired
testing conditions. For a maximum density to be reached the standard states that the
sample must be compacted by placing uniform layers of soil in succession and using one
of the recommended methods of compaction. The recommended methods of compaction
may be by means of avibrating tamper, diding weight tamper, or by other methods as
listed in the standard. The standard requires that the method used must produce a

uniform sample without segregation of particle sizes.

1.1.1.2 Saturation and Air Evacuation Methods

The current method recommends that the specimen be evacuated of air using a vacuum
pump or suitable aspirator. It is stated that the sample be evacuated under a minimum of
500 mm (20 in) mercury for fifteen minutes to remove the air adhering to the soil
particles and from the voids. The evacuation must be followed by a slow saturation of
the sample from the bottom upward under afull vacuum in order to free any remaining
air in the specimen. A typical air evacuation and saturation setup is provided in Figure
1.1. The standard also states that a continued saturation of the specimen can be
maintained more adequately by the use of deaired water or water maintained at an in-flow
temperature sufficiently high to cause a decreasing temperature gradient in the specimen

during the test.



Figure 1.1. Device for Evacuating and Saturating Specimen

1.1.2 Permeability Testing and Calculations

This section describes the procedures for permeability testing and the calculations
required for obtaining the coefficient of permeability. The equipment setup and
requirements for the recommended constant head permeameter are also given in this

section for reference purposes.

The standard recommends that a permeameter with manometer outlets installed be used
in order to measure the loss of head across the length of the sample. A typical
permeameter setup isgivenin Figure 1.2. Porous screens or disks must be used on the
top and bottom of the sample. The top porous stone or disk should have a spring or

weight attached in order to apply alight pressure of 22 to 45 N (5 to 10 Ibf) once the top



plate of the permeameter is attached. Thisis done to maintain the density of the sample

during the test.
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Figure 1.2. Constant Head Permeameter

1.1.2.1 Testing Procedures

The Florida Method states that after the sample has been saturated and the air has been
removed, the top valve of the permeameter can be opened to induce flow through the
sample. Testing conditions require that measurements of the quantity of flow be delayed
until a stable head condition is reached and a steady-state flow has begun. Once these

conditions have been satisfied, the experimenter measures and records the time, t,



distance between manometers, L, difference in head on manometers, h, quantity of flow,
Q, and water temperature, T. The standard recommends that repeat trials be made at
increasing heads (increments of 5 mm) in order to accurately establish the region of
laminar flow with velocity, v, (v = Q/At) directly proportional to the hydraulic gradient, i
(i =hL). The head can be increased until a departure from the linear region of laminar
flow becomes apparent. The flow can be carried into turbulent conditionsif it is

significant to understand permeability in thisregion for field conditions.

1.1.2.2 Calculations

The standard states that the coefficient of permeability, k, be calculated as follows:

k= g Equation 1.1

Ath
Where k = coefficient of permeability,
Q = quantity of water discharged,
L = distance between manometers,
A = cross-sectional area of the specimen,
t = total time of discharge, and

h = difference in head on manometers (FM 1-T 215).

The permeability is then to be corrected to avalue found at a temperature of 20° C (68°
F) by multiplying k by the ratio of the viscosity of water at 20° C (68° F). It isimportant
to note that the Florida Method also states observations and data from the grain size

analysis, classification, maximum particle size, and percentage of any oversized material



not used be included with the results of thetest. Other soil properties such as dry density,
void ratio, relative density as placed, and maximum and minimum densities should also
beincluded. Test curves plotting the velocity, Q/At, versus the hydraulic gradient, h/L,
covering the ranges of soil identifications and of relative densities can also be made for

evaluation purposes.

1.2 Purpose and Scope

Aswith other geotechnical |aboratory tests, variations can occur in the preparation of the
sample and the procedures that are followed. The combination of these disparities along
with differences in the testing equipment used for the experimental work can affect the
results found in the laboratory. The FDOT has found that variations have been noted in
the determination of permeability for granular soils. The inability to accurately and
repeatability measure this soil property can lead to incorrect assessments of the drainage

ability of aparticular material.

1.2.1 Purpose

The purpose of the work performed in this report was to investigate and examine the
variability of granular soil permeability testing methodology across FDOT districts.
Once the details of the variability in the methodology have been documented, an
evaluation of the parameters that can influence the determination of the coefficient of
permeability can be made. Based on the information gleaned from this study,
recommendations on the standards used throughout the state can be made that will limit

the variability in permeability values.



1.2.2 Scope

The scope of the research that was performed as part of this investigation involved:

The examination of the variability of current FDOT laboratory procedures,
The design and construction of prototype permeameters;

A comparison of the prototype permeameters and the current LBR mold;
A parametric evaluation of sample preparation and permeability testing;

Recommendations for limiting the variability in permeability testing.

Chapter 2 of this report presents an overview of the evaluation of the sample preparation

and testing methodology found in various FDOT districts. Chapter 3 details the design

and construction of the prototype permeameters, as well as the procedures for

permeability testing using these devices. Chapter 4 presents the outline of the

comparative study and parametric evaluation that was conducted based on typical Florida

soils. A summary of the results and analysis of the examinations performed is provided

in Chapter 5. Chapter 6 presents the conclusions and recommendations that can be drawn

from the information gained in this report.



CHAPTER 2
CURRENT FDOT LABORATORY PROCEDURES

This chapter examines the variations of the current procedures used at the FDOT testing

facilities for sample preparation and permeability testing.

2.1 Sample Preparation

The following sub-sections provide a glance of the typical soil compaction equipment
setup of the FDOT aswell asthe air evacuation and saturation methods employed for

permeability specimen preparation.

2.1.1 Compaction Equipment Setup

The purpose of this evaluation was to examine the effect that a non-rigid base will have
on the compactive effort transferred to a soil sample. Non-uniformity of compaction
equipment was considered as a possible influence on density results. The test was
performed by comparing the deformation of compressed American Society for Testing
and Materials (ASTM) lead calibration cylinders from a manual compactor against lead
cylinders from a mechanical compactor. Thisinformation should be particularly useful

in addressing discrepanci es between permeability values of similar soil samples.

The testing was performed at the FDOT State Materials Office in Gainesville. The

lengths of five calibration lead cylinders were measured using a micrometer accurate to



the nearest 0.0001 in. These cylinders were then placed in the Lead Deformation
Apparatus Assembly (LDAA) as per ASTM D2168-90. A Modified Proctor manual
hammer was used to strike the LDAA once for each of the five cylinders. An average
deformation value of the five cylinders was obtained by summing the differencesin
length (final length minusinitial length) and dividing by five. In order for the mean to be
accepted as arepresentative value of compactive effort, al five deformations must fall
within two percent of the mean. In the event that fivetrials did not provide sufficient
data, additional cylinders were compacted until five such deformations were obtained

(ASTM 2168-90).

Next, each mechanical compactor was turned on for no less than 25 blows and was
allowed to strike a granular material in its respective mold. Upon completion, the LDAA
was placed on the metal base of the compactor such that the foot of the compactor could
contact the striking pin on the deformation assembly at or near the center of the foot. The
compactor was turned on for exactly one blow and the average deformation was
calculated as previously mentioned. All four Modified Proctor compactors were

calibrated prior to testing.

A similar procedure was then followed for the calibration of the Standard Proctor
mechanical compactors. The average deformation from the manual compactor was
obtained, and the mechanical compactors were allowed to run for no less than 25 blows.
Following completion of the blow count, the LDAA was set on the metal base plate and

turned on for one blow. The average deformation value was obtained in a similar manner

10



as stated previoudly, ensuring five representative data samples fell within two percent of

the arithmetic mean.

According to ASTM a compactor is calibrated if the average deformation value from the
mechanical compactor iswithin 2 % of the average deformation value from the manual
compactor. The data was collected and the average deformation values for the manual
compactors along with arange set at 98 % and 102 % of the deformation value was first
created. If the average deformation for a given compactor fell within this range, the unit

is then considered calibrated.

Of the six mechanical compactors tested, only two, one standard and one modified, fell
within the two-percent limit. Closer inspection of the compactors that were outside the
calibration specifications revealed that their foundations were set on monolithic concrete
blocks. The compactors were attached by bolting one or two sheets of plywood with

varying thickness to the block, then bolting the compactor to the plywood.

Table 2.1 contains the type of compactor, calibration results, and information pertaining

to the thickness of the plywood foundation for each of the compactors.

Table 2.1. Summary of Compaction Study

Proctor Test Calibration Limits Mounting
Modified Passed 2 sheets of 1-inch thick plywood
Modified Failed 2 sheets of 1-inch thick plywood
Modified Failed 1 sheet of 3/4-inch thick plywood
Modified Failed 1 sheet of 1-inch thick plywood
Standard Passed 1 sheet of 1-inch thick plywood
Standard Failed 1 sheet of 1/2-inch thick plywood

11



2.1.2 Saturation and Air Evacuation Methods

This section detail s the saturation and air evacuation techniques and procedures for the

three labs evaluated as part of thisinvestigation.

2.1.2.1 Lake City

The sampleis set in the permeameter on adry porous stone covered by one sheet of filter
paper. On top of the sail is placed another dry porous stone without a spring. The top of
the mold isfilled with water and the entire apparatus is sealed with O-rings. The constant
head tank is attached to the top of the apparatus and allowed to run with the top valve
open until water comes out of the valve. The vaveisthen closed and water is alowed to
flow through the sample until a steady-state flow develops. The permeability test is then

run after steady-state flow isinitiated.

2.1.2.2 Bartow

The sampleis set in the permeameter on a porous stone that has been soaking in water.
Another wet porous stone is placed on top of the soil, aswell as a spring to keep the stone
firmly in contact with the soil. The top of the mold isfilled with water up to ¥~inch
below the top of the mold and the top is then attached to the apparatus. The entire

apparatus is sealed with lubricant and thick O-rings to prevent leaks.

A vacuum hose is attached to the bottom valve of the apparatus and a vacuum of 10

inches mercury is applied for 15 minutes. If no flow results after thistime interval, the

12



vacuum isincreased to 30 inches mercury until flow initiates. After flow is achieved, the
constant head tank is attached to the top of the apparatus and alowed to run until two
volume readings spaced at 30 second intervals yield identical results. At this point, the

permeability test isrun.

2.1.2.3 Gainesville

The specimen is placed in a bath of standing water. The compaction base plate has holes
init that allow the water to saturate the sample by capillary rise. The sampleis soaked
for aminimum of 24 hours and then removed from the bath. The sampleis then placed
in a permeameter in which awet porous stone and filter paper has been situated at the
bottom. A top meta disk with holesin it is placed on the top of the sample and a plastic
cylinder isinserted to secure the sample height. The top plate of the permeameter is
attached with gaskets and sealant to prevent leakage. The constant head tank is attached
to the top of the apparatus and allowed to run with the top valve open until water comes
out of thevalve. Thevalveisthen closed and water is allowed to flow through the
sample until a steady-state flow develops. The permeability test is then run after steady-
state flow isinitiated. It should also be noted that some samples are saturated by
skipping the overnight saturation method and directly brought to the permeameter device.
Once sedled, aflow isinitiated through the top of the apparatus and readings are taken

after a steady flow has been achieved for at least 30 minutes.

The effects and consequences for the variability in the evacuation and saturation methods

used at the three laboratories studied will be discussed later in this report in Chapter 5.
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2.2 Permeability Testing and Calculations

This section provides a brief overview of the procedures used for conducting the
permeability test as well the calculations for the determination of the coefficient of

permeability.

2.2.1 Testing Procedures

The permeability test for each of the three districts is conducted once a steady-state flow
has been achieved. The equipment setup for the permeability test at the FDOT State

Materials Lab isgivenin Figure 2.1 for reference.

Figure 2.1. Current FDOT Permeability Testing Setup

14



The equipment used at the three facilities can be considered comparable. The
permeameters and equipment setup differed dightly in their use of o-rings or gaskets,
types of inlet and outlet valves, age, types of porous stones or screens, use of springs or
weights, and the device for maintaining a constant head. There were also slight
variations in the collection of the discharge from the permeability test. The length of
time for testing and the interval between discharge readings for each of the three

laboratories differed based on the technician conducting the experiment.

2.2.2 Cdculations

The three facilities use the same basic procedure for calculating the coefficient of
permeability. The permeability value at the temperature of the water during thetest is

determined by the following equation:

K, :tQh_,I;\' Equation 2.1
Where K1 = coefficient of permeability at Temperature T,
h = total head,
Q =discharge,
L = length of the sample,
t =time, and

A = cross-sectional area.
The value is then corrected to that of the permeability at 20° C (68° F) by the following

eguation:

Ko :( Hr jKT, Equation 2.2
Moo

Where K- = coefficient of permeability at 20° C,

15



W = viscosity of water at temperature T,
Mooe = Viscosity of water at 20° C, and
K+ = coefficient of permeability at Temperature T.

The effects and consequences for the variability in the testing procedures and cal culation

of the permeability value at the three laboratories studied will be discussed later in this

report in Chapter 5.
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CHAPTER 3
PROTOTYPE PERMEABILITY MOLD DESIGNS

This chapter describes the designs of the prototype permeability molds used for
experimental work in thisinvestigation. The prototypes were constructed to allow the
study of the sidewall leakage theory of the current fixed-wall permeameters. An outline
of the procedures for assembly and use of the prototype molds are also provided if

necessary.

3.1 Flexible-Wall Prototypes

This section describes the prototype flexible-wall permeameters that were designed in
order to aid in the evaluation of the variability found in the current methodology for

testing soil permeability.

3.1.1 Prototype 1

The permeameter will consist of a split mold with an inside diameter dlightly greater than
the standard six-inch Modified Proctor mold and a height of precisely 4.58 inches.
However, when assembled for compaction, the cell will provide a nominal inside
diameter of 6 inches and protect any grooves or holesin the mold from clogging. The
designisgivenin Figure 3.1. The procedure for assembly and use of this prototypeis

given later in this section. Use of the Prototype 1 permeameter varies from the current

17



permeability testing methodology in the preparation of the sample. Once the sampleis

prepared in the new device, the normal constant-head permeability test can be run.

Mounting ommitted  Pressure gauge

for clarity. ? On/off valve Outlet to vacuum pump.
K=

Vent }
N \
A A & &7 & & & P‘ }
T 1 Rounded to accomodate
‘ membrane ( 2 typ.).
96.03" () Inlet for confining air pressure.
T ) Needle valve
I 2
Section A—A On /off valve
Sheet metal insert approximately 0.015" Water inlet
to be used during compaction to simulate Rubber membrane to be wrapped around
rubber membrane to be used during per— top and bottom of cell to ensure air—tight
meability test. Net inner diamter of cell seal during permeabllity test.

to be 6.00".

Notes

1. Compaction assembly to resemble Modified Proctor compaction mold,

2. Permeameter base plate and top to fit compaction mold and will
sufficiently occomodate porous stones.

3. Exact dimensions other than sample dioameter to be determined as
needed during construction.

4. Modifications to design to be made as necessary.

Figure 3.1. Flexible-Wall Prototype 1 Design

The sample will be compacted according to the standard method, i.e., sliding weight
tamper. Upon completion, the top portion of the mold will be removed and the top of the
sample screeded off flush with the top of the cylinder, as normally performed. The mold
will then be split, at which time the metal insert should autonomously separate itself from
the sample. Once the intact sampleis successfully removed, the mold will be
reassembled, this time with the rubber membrane wrapped over the top and bottom of the
mold wall and clamped to the outside. Assuring an airtight seal at the top and bottom and
along the openings in the sides, a vacuum will be applied to completely contract the
membrane for sample insertion. The vacuum will then be released and the mold will be

reassembled. This concept has the added advantage of reduced sidewall |eakage without

18



the need for an additional flexible-wall permeameter cell. The top and base of the mold
are milled and ported to accommodate the insertion of porous stones. The top and bottom
also have inlet and outlet valves placed for water flow through the soil sample. Slight air
pressure will be applied to the sample sides via openings and grooves in the walls of the
mold. The grooveswill provide even distribution of the air pressure, which will maintain
near-perfect contact between the membrane and the sample. The confining pressure,
hydraulic gradient, vacuum intensity and other pertinent information will be determined
once testing begins. Initially, one mold for compaction and testing was thought to be less
costly and lesstime consuming. It was later realized that two separate molds were less
complicated as far as ease of fabrication and procedure. These factors outweighed the
cost of an additional mold. Photographs of the Prototype 1 flexible-wall mold are shown

in Figures 3.2 through 3.5.

Figure 3.2. Prototype 1 with sintered steel porous stone installed
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Figure 3.3. Assembled Prototype 1

Figure 3.4. Side view of Prototype 1 with flexible membrane attached

20



Figure 3.5. Prototype 1 with sintered steel porous stone removed

3.1.2 Prototype 2

A second prototype was constructed in order to test the possible use of an easier and more
efficient design of aflexible-wall permeameter. Photographs of Prototype 2 are shownin
Figures 3.6, 3.7, and 3.8. The assembly procedure is provided later in this section. Use
of the Prototype 2 permeameter varies from the current permeability testing methodology
in the preparation of the sample. Once the sampleis prepared in the new device, the

normal constant-head permeability test can be run.

21



Figure 3.6. Prototype 2 mold assembly and permeability testing housing

Figure 3.7. Prototype 2 membrane stretcher
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Figure 3.8. Prototype 2 assembled permeability setup

The following is the procedure that has been outlined for assembling and preparing a

specimen in the Prototype 2 flexible wall permeameter:

1. Assemble the compacting mold with the .012” plastic insert lining the inner wall.
2. Affix to the standard modified proctor compacting base.

3. Add the collar and compact the sample using the mechanical compactor.

4. Place agasket on the permeameter base.

5. Center sintered steel porous disk on top of the gasket.

6. Move the compacting mold with the sample inside to the permeameter base on

top of the porous disk.
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7. Unbolt the compacting mold into semicircular halves and remove the plastic
insert leaving the sample on the base. (Shown in Figure 3.6 without sample)

8. Placethe 6’ diameter flexible membrane along the inner wall of the permeameter
folding the ends over the top and bottom edges of the cylinder. (Shownin
Figure 3.7)

9. Fasten vacuum pump to the port on the outer wall of the permeameter and draw a
vacuum until the membraneis flush with theinner wall. Straighten the membrane
as necessary.

10. Slide cylinder with membrane in place over the sample.

11. Place porous stone on top of the sample and a gasket on top of the permeameter
wall. Place the cover on the permeameter and fasten it to the base. (Shownin
Figure 3.8)

12. Apply a confining pressure (magnitude to be determined) to the sample.

13. Saturate the sample.

14. Run the standard FDOT permeability test.

3.2 Modified Rigid-Wall Prototype

This section describes the design of arigid-wall permeameter for use in the evaluation of
the variability found in the current methodology for testing soil permeability. A modified
rigid-wall mold was designed in order to test the reduction of sidewall leakage with the
continued use of the current size Limerock Bearing Ratio (LBR) compaction molds. This

would allow the use of the current sample preparation procedures currently employed.
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3.2.1 Prototype 3

Another approach to reduce potential piping is through the use of seepage rings. Four
0.08" x 0.08" grooves are evenly spaced throughout a standard FDOT LBR compaction
mold as shown in the cross-sections provided in Figure 3.9. Ideally, when asampleis
compacted using the Modified Procter approach, the grooves will fill with soil creating
barriersintended to interrupt piping, as demonstrated in Figure 3.10. A grooved LBR

compaction mold was fabricated and is pictured in Figure 3.11.

Spacer Gap

< !

Soil Sample Height

Grooves —\

Inside Cut View Side View Cross-Section

Figure 3.9. Prototype 3 Conceptua Design
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/ Soil Sample
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Figure 3.10. Prototype 3 Conceptual Sidewall Leakage Interruption
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Figure 3.11. Prototype 3 - Modified Rigid-Wall Grooved Mold
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CHAPTER 4
OUTLINE OF PERMEABILITY VARIABILITY STUDY

This chapter details the soil material used and the background of the investigation
performed on the variability of permeability testing methodology. A testing scenario was
established in order to compare the results of permeability testing using the current LBR
cylinder mold to the results seen using the prototype molds. In addition an examination
of the effects of altering certain sample preparation parameters was initiated to see their

overall effect on permeability values.

4.1 Flexible-Wall Prototypes

The flexible-wall permeameters described in Chapter 3 were used to run tests on soil
samples provided by the FDOT. A comparative study was initiated in order to examine
the effect of using flexible-wall permeameters on the overall permeability values reached
using the current Florida Method as well asto verify the feasibility, repeatability, and
reliability of the new designs. The tests were run on soil material that was collected from
the State Materials Office in Gainesville, FL. The sub-sections below detail the types of

soil material and testing that was conducted for use in each study.
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4.1.1 Comparative Study using Prototype 1

The study conducted using Prototype 1 consisted of performing permeability tests on A-
2-4 soil material and comparing the results with the values reached when using the
current LBR mold. The samples were prepared using the procedures detailed in Chapter
3 and testing was conducted using the instructions outlined in the Florida Method. A
testing scenario consisting of five trials with ten readings each was set as the determinant
for testing Prototype 1. The results and issues related with this comparative study are

provided in Chapter 5.

4.1.2 Comparative Study using Prototype 2

The study conducted using Prototype 2 consisted of performing permeability tests on A-
2-4 soil material and comparing the results with the values reached when using the
current LBR mold. The samples were prepared using the procedures detailed in Chapter
3 and testing was conducted using the instructions outlined in the Florida Method. A
testing scenario consisting of five trials with ten readings each was set as the determinant
for testing Prototype 2. The results and issues related with this comparative study are

provided in Chapter 5.

4.2 Modified Rigid-Wall Prototype

The modified rigid-wall permeameter described in Chapter 3 was used to run tests on soil
samples provided by the FDOT. A comparative study was initiated in order to examine
the effect of using amodified rigid-wall permeameter on the overall permeability values

reached using the current Florida Method. The tests were run on soil material that was
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collected from the State Materials Office in Gainesville, FL. Soil testing was done on the
materia in order to verify the soil characteristics provided. A parametric study was aso
conceived in order to determine the effect of sample preparation techniques on the
resulting permeability values. The sub-sections below detail the types of material and

testing conducted for use in each study.

4.2.1 Comparative Study using Prototype 3

A comparative study was initiated to determine the permeability values reached when
using the modified rigid-wall mold and the standard LBR mold using A-2-4 and A-3 soil
samples (materia used on I-4) from the FDOT State Materials Office in Gainesville, FL.
The sample properties are provided in Table 4.1. Samples were also prepared using the
saturation procedures for each of the FDOT districts detailed in Chapter 2 and testing was
conducted using the instructions outlined in the Florida Method. A testing scenario
consisting of ten trials with five readings each was set as the determinant for this
comparison. The results and issues related with this comparative study are provided in
Chapter 5.

Table 4.1. 1-4 Soil Sample Properties

Sample | STA. From |Mod. Proctor (pcf) | Moisture (%) |LL / PI| AASHTO | #40 | #60 | # 200
19518 843+09 111.2 11.7 N.P. A-3 98 83 8
19519 848+00 110.0 11.0 N.P. A-2-4 98 83 16
19522 851+38 112.0 10.6 N.P. A-3 98 76 7
19523 848+00 112.3 11.4 N.P. A-3 99 84 9
19530 1206+95 114.0 11.4 N.P. A-3 95 78 7
19531 1219+43 111.7 11.0 N.P. A-3 95 78 7
19533 1187+00 110.0 13.0 N.P. A-3 95 88 7
19534 1206+62 112.0 11.0 N.P. A-2-4 97 86 12
19536 1219+17 111.0 11.0 N.P. A-3 97 82 8
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4.2.2 Parametric Study using Prototype 3

A study of the effect of altering the preparation procedures was undertaken in order to
better understand the influence that each parameter can have on the coefficient of
permeability. The study was initiated to determine the permeability values reached when
using the modified rigid-wall mold and the standard LBR mold using A-2-4 and A-3 soil
samples (different from the 1-4 soil) from the FDOT State Materials Officein
Gainesville, FL. The parameters used in the permeability parametric study were
determined by combining the variations seen in the sample preparation procedures across
the FDOT districts. These include the saturation methodology, air evacuation technique,
and top porous material employed during preparation for testing. Table 4.2 demonstrates
how the parameters were determined in order to evaluate all the possible combinations.
Table 4.3 outlines the test codes and their respective saturation method, vacuum

technique, and top porous material.

Table 4.2. Determination of the Sample Preparation Parameters

Test Code
A B C D E F G

Saturation| 30 Min X

Overnight X

Vacuum No X
Yes X

Screen Yes X
Disk Yes X
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Table 4.3. Types of Sample Preparation Techniques

Test Code Type of Sample Preparation
30 Minute Saturation Method, No Vacuum, and Top Steel Disk
30 Minute Saturation Method, No Vacuum, and Top Porous Stone
30 Minute Saturation Method, Vacuum, and Top Steel Disk
30 Minute Saturation Method, Vacuum, and Top Porous Stone
Overnight Saturation Method, No Vacuum, and Top Steel Disk
Overnight Saturation Method, No Vacuum, and Top Porous Stone
Overnight Saturation Method, Vacuum, and Top Steel Disk
Overnight Saturation Method, Vacuum, and Top Porous Stone

ITI|Ommo|0|m|(>

The compaction equipment setup for the study is shown in Figure 4.1. A Rainhardt
Automatic Compactor was used for compaction purposes. The compactor was set on a
monolithic concrete block with a sheet of plywood attached as a dampener. The device

was calibrated by ASTM standards as stated in Chapter 2.

Figure 4.1. Rainhardt Automatic Compaction Machine
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Figure 4.2. University of Florida Permeability Test Setup

The permeability test setup is provided in Figure 4.2. Two identical permeameters were
purchased for use in this study. LBR molds were also purchased in order to limit the

variability in the equipment used as part of this investigation.

The soil properties of the material provided by the FDOT are summarized in Tables 4.3
and 4.4. The FDOT data sheets for this material are provided in Appendix B. The
University of Florida conducted an independent evaluation of the material in order to

verify the soil properties. Sieve analyses were performed on the two soil samples using
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U.S. standard sieves. The procedure followed ASTM D422. The results of the grain size

analyses are presented in Figure 4.3 and 4.4.

Table 4.3. FDOT Soil Properties Summary of Sample #1

Material Description Sand

Intended Use Embankment

Maximum Density 110 pcf
Optimal Moisture Content 10%
LBR 28.0
Liquid Limit N.P.
Plastic Index N.P.
Pass #40 94%
Pass #60 76%
Pass #200 12%
| Average Permeability | 3.594E-04 | cm/s |

| T-180 LBR Classification \

| AASHTO Classification - A-2-4

Table 4.4. FDOT Soil Properties Summary of Sample #2

Material Description Sand

Intended Use Embankment

Maximum Density 113 pcf
Optimal Moisture Content 12%
LBR 32.0
Liguid Limit N.P.
Plastic Index N.P.
Pass #40 83%
Pass #60 43%
Pass #200 6%
| Average Permeability ‘ 6.228E-04 | cm/s |

| T-180 LBR Classification \

| AASHTO Classification - A-3
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Figure 4.3. Grain Size Distribution of Sample #1
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Figure 4.4. Grain Size Distribution of Sample #2
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The parametric study will yield a comparison between the permeability values reached
when using the Prototype 3 mold and the current LBR mold employing the sample
preparation techniques described by test codes A-H. A testing scenario consisting of five
trials with five readings for each test code was set as the determinant for this comparison.

The results and issues related with this study are provided in Chapter 5.
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CHAPTER 5
RESULTS AND ANALYSISOF VARIABILITY STUDY

This chapter presents the summary of the results and analysis of the examination of
permeability variability using the comparative study and parametric evaluation conducted

on typical Florida soils described in the preceding chapter.

5.1 Flexible-Wall Prototypes

This section provides the comparative analysis of Prototypes 1 and 2 versus the current
LBR mold. A discussion of the reliability and feasibility of the prototypesis aso

included.

5.1.1 Comparative Analysis of Prototype 1 versus Current LBR Mold

The permeability results from the successful tests are summarized in Table 5.1. A
graphical representation of the resultsis provided in Figure 5.1. Lower permeability

values resulted when using Prototype 1, implying that piping had been reduced.

Table5.1. Summary of Prototype 1 vs. Current LBR Permeability Results

Prototype 1 Current LBR
Trial k (cm/s) Dry Density (pcf) k (cm/s) Dry Density (pcf)
1 5.59E-03 106.9 5.94E-03 107.1
2 4.18E-03 107.4 6.16E-03 107.5
3 4.53E-03 107.2 6.38E-03 108.3
4 4.57E-03 108.3 6.20E-03 107.6
5 4.59E-03 108.5 6.68E-03 108.1
Avg. | 4.69E-03 107.7 6.27E-03 107.7 \
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Current LBR Mold vs. Prototype 1 Permeability Results
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Figure5.1. Prototype 1 vs. Current LBR Permeability Results

5.1.2 Comparative Analysis of Prototype 2 versus Current LBR Mold

The permeability results from the successful tests are summarized in Table 5.2. A
graphical representation of the resultsis provided in Figure 5.2. Lower permeability

values resulted when using Prototype 2, implying that piping had been reduced.

Table5.2. Summary of Prototype 2 vs. Current LBR Permeability Results

Prototype 2 Current LBR
Trial k (cm/s) Dry Density (pcf) k (cm/s) Dry Density (pcf)
1 4.95E-03 108.2 5.94E-03 107.1
2 4.34E-03 107.6 6.16E-03 107.5
3 4.06E-03 108.8 6.38E-03 108.3
4 4.12E-03 107.9 6.20E-03 107.6
5 4.17E-03 107.3 6.68E-03 108.1
Avg. | 4.33E-03 108.0 6.27E-03 107.7 \
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Current LBR Mold vs. Prototype 2 Permeability Results
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Figure 5.2. Prototype 2 vs. Current LBR Permeability Results

Testing with Prototypes 1 and 2 revealed a few negative design issues. Sample
preparation was difficult with the use of both prototype permeameters. Therigidity of
the metal insert caused the sample to deform once the permeameter was split into halves.
The tight clearance between the mold and the sample made it very difficult to slide the
mold over the sample after the flexible wall had been affixed to the inner wall. The
prototypes aso produced leaks during many unsuccessful tests. The use of silicon sealant
to mitigate the leaks allowed a few successful tests to be performed. Overall the
reliability and feasibility of using Prototypes 1 and 2 was considered poor. A more
detailed discussion is provided in alater section of this chapter and overall conclusions

and recommendations are supplied in Chapter 6.
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5.2 Modified Rigid-Wall Prototype

This section provides the comparative analysis and parametric evaluation of Prototype 3

versus the current LBR mold. A discussion of the reliability and feasibility of the

prototype is also included.

5.2.1 Comparative Anaysis of Prototype 3 versus Current LBR Mold

The permeability results from the successful tests are summarized in Table 5.3. A

graphical comparison of the results for each soil sampleis provided in Figures5.3 - 5.11.

Five samples showed alower permeability value using Prototype 3 while four samples

resulted in a greater value.

Table 5.3. Summary of Prototype 3 vs. Current LBR Permeability Results

Prototype 3

Current LBR

Sample k (cm/s) Dry Density (pcf) k (cm/s) Dry Density (pcf)
19518 2.10E-05 111.5 6.58E-05 111.7
19519 1.20E-04 110.5 7.50E-05 110.2
19522 1.55E-05 111.8 3.40E-05 111.2
19523 8.25E-05 112.5 2.00E-05 112.9
19530 1.20E-05 1135 1.35E-04 114.2
19531 3.10E-05 111.2 7.40E-05 111.9
19533 4.00E-05 109.8 8.75E-05 110.6
19534 3.60E-05 112.3 2.82E-05 113.1
19536 3.82E-05 110.8 7.00E-06 111.3
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Sample 19518 - Current LBR Mold vs. Prototype 3 Permeability Results

O Prototype 3
B Current LBR
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Figure 5.3. Permeability Results of Sample 19518

Sample 19519 - Current LBR Mold vs. Prototype 3 Permeability Results

O Prototype 3
B Current LBR
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Figure 5.4. Permeability Results of Sample 19519
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Sample 19522 - Current LBR Mold vs. Prototype 3 Permeability Results

O Prototype 3
B Current LBR
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Figure 5.5. Permeability Results of Sample 19522

Sample 19523 - Current LBR Mold vs. Prototype 3 Permeability
Results
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B Current LBR
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Figure 5.6. Permeability Results of Sample 19523
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Sample 19530 - Current LBR Mold vs. Prototype 3 Permeability Results
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Figure 5.7. Permeability Results of Sample 19530

Sample 19531 - Current LBR Mold vs. Prototype 3 Permeability Results
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Figure 5.8. Permeability Results of Sample 19531




Sample 19533 - Current LBR Mold vs. Prototype 3 Permeability Results

OPrototype 3
B Current LBR

0.00E+00 5.00E-05 1.00E-04

Permeability (cm/s)

Figure 5.9. Permeability Results of Sample 19533

Sample 19534 - Current LBR Mold vs. Prototype 3 Permeability Results
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Figure 5.10. Permeability Results of Sample 19534




Sample 19536 - Current LBR Mold vs. Prototype 3 Permeability Results

O Prototype 3
B Current LBR
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Figure 5.11. Permeability Results of Sample 19536

The data from the above tests does not provide a definitive indicator that the seepage
rings of Prototype 3 are 100 % effective in reducing sidewall leakage. The technician
who performed the testing believed that compaction and saturation difficulties caused
problemsin filling the grooves and therefore utilizing the prototype’ s sidewall leakage
interruption feature. Therefore additional permeability testing with better control over
the sample preparation procedures was conducted in the saturation method comparison
presented below and the parametric evaluation presented later in this report in order to

better evaluate the reliability and feasibility of this prototype.

The results from the successful permeability tests using the Gainesville and Lake City
saturation methods are summarized in Table 5.4. The Bartow saturation method was not

used due to cracking of the sample during the vacuum saturation process. A graphical
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representation of the resultsis provided in Figure 5.12. When comparing the tests
between the current LBR mold and Prototype 3, a reduction in permeability is apparent
using Prototype 3 with both the Gainesville and the Lake City saturation methodology.
Comparing results between both methods show higher permeability achieved by capillary
rise, which might imply a more adequate saturation. A more detailed discussion is
provided in alater section of this chapter and overall conclusions and recommendations

are supplied in Chapter 6.

Table 5.4. Summary of Permeability Results with Comparison of Saturation Method

Prototype 3 Current LBR
Test k (cm/s) Dry Density (pcf) k (cm/s) Dry Density (pcf)

Gainesville #1 | 4.50E-06 108.5 3.60E-05 107.9
Gainesville #2 | 1.00E-05 107.6 3.75E-05 108.2
Gainesville #3 | 1.50E-05 109.1 4.25E-05 109.5
Gainesville #4 | 3.80E-05 108.2 4.50E-05 108.6

Lake City #1 | 2.50E-06 108.7 2.40E-05 109.2

Lake City #2 | 3.50E-06 107.7 N/A N/A

Current LBR Mold vs. Prototype 3 Permeability Results

O Prototype 3 (Lake City) #2

@ Prototype 3 (Lake City) #1

H Prototype 3 (Gainesville) #4
O Prototype 3 (Gainesville) #3
B Prototype 3 (Gainesville) #2
O Current LBR (Lake City) #1
B Current LBR (Gainesville) #4
'— OCurrent LBR (Gainesville) #3
OCurrent LBR (Gainesville) #2
O Prototype 3 (Gainesville) #1
@ Current LBR (Gainesville) #1

1 T T T T 1
0.00E+00 1.00E-05 2.00E-05 3.00E-05 4.00E-05 5.00E-05
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Figure 5.12. Comparison of Gainesville and Lake City Saturation Methods
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5.2.2 Parametric Analysis of Prototype 3 versus Current LBR Mold

The types of tests that make-up the parametric evaluation, as described in Chapter 4, are
reproduced in Table 4.3 for easy reference. The permeability results from the successful
tests are summarized in Tables 5.5 and 5.6. The datafor each trial from the permeability
tests can be found in Appendix C. A graphical comparison of the results between
Prototype 3 and the current LBR mold for each type of test is provided in Figures 5.13 —
5.28. Lower permeability values resulted when using Prototype 3, implying that piping
had been reduced. A more detailed discussion is provided in alater section of this

chapter and overall conclusions and recommendations are supplied in Chapter 6.

Table 4.3. Types of Sample Preparation Techniques

Test Code Type of Sample Preparation
30 Minute Saturation Method, No Vacuum, and Top Steel Disk
30 Minute Saturation Method, No Vacuum, and Top Porous Stone
30 Minute Saturation Method, Vacuum, and Top Steel Disk
30 Minute Saturation Method, Vacuum, and Top Porous Stone
Overnight Saturation Method, No Vacuum, and Top Steel Disk
Overnight Saturation Method, No Vacuum, and Top Porous Stone
Overnight Saturation Method, Vacuum, and Top Steel Disk
Overnight Saturation Method, Vacuum, and Top Porous Stone

T OMmMm|o0|m|(>

The results from the tests are plotted in Figures 5.29 — 5.32 grouped by the type of soil
material and permeameter in order to compare the influence that each sample preparation
parameter has on the determination of the coefficient of permeability. A more detailed
discussion is provided in alater section of this chapter as well as a statistical analysis of
the testing schemes. Overall conclusions and recommendations are supplied in Chapter

6.
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Table5.5. Summary of Prototype 3 vs. Current LBR Permeability Results (A-2-4 Soil)

Current LBR

Prototype 3

k (cm/s) Dry Density (pcf) k (cm/s) Dry Density (pcf)
1.94595E-04 108.3 1.17082E-04 109.2
3.31260E-04 107.5 2.37639E-04 108.3
3.67136E-04 109.2 2.36832E-04 108.9
3.57427E-04 108.5 2.73213E-04 107.7
2.10267E-04 107.6 1.59330E-04 108.2
2.51100E-04 107.9 1.35489E-04 108.6
4.10925E-04 108.7 3.72068E-04 109.8
4.28382E-04 109.1 2.70851E-04 109.4

Table 5.6.

Current LBR

Prototype 3

k (cm/s) Dry Density (pcf) k (cm/s) Dry Density (pcf)
1.75742E-04 109.4 1.17504E-04 108.4
2.05425E-04 108.5 1.07435E-04 109.2
2.81057E-04 108.9 1.84604E-04 108.1
3.45175E-04 107.7 1.45988E-04 107.9
1.31031E-04 108.5 1.13198E-04 108.1
1.72794E-04 108.3 1.10872E-04 109.6
3.57427E-04 109.6 2.61561E-04 108.7
4.15980E-04 109.5 2.86594E-04 107.9

Summary of Prototype 3 vs. Current LBR Permeability Results (A-3 Soil)

48



Comparison of A-2-4 Permeability Results for Test A
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Figure 5.13. Comparison of Permeability Results for Test A on A-2-4 Soil

Comparison of A-2-4 Permeability Results for Test B

@ Prototype 3

O Current LBR

1 T T T I
0.000E+00 1.000E-04 2.000E-04 3.000E-04  4.000E-04
Permeablility (cm/s)

Figure 5.14. Comparison of Permeability Results for Test B on A-2-4 Soil
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Comparison of A-2-4 Permeability Results for Test C
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Figure 5.15. Comparison of Permeability Results for Test C on A-2-4 Soil

Comparison of A-2-4 Permeability Results for Test D
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Figure 5.16. Comparison of Permeability Results for Test D on A-2-4 Soil




Comparison of A-2-4 Permeability Results for Test E
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Figure 5.17. Comparison of Permeability Results for Test E on A-2-4 Soil

Comparison of A-2-4 Permeability Results for Test F
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Figure 5.18. Comparison of Permeability Results for Test F on A-2-4 Soil
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Comparison of A-2-4 Permeability Results for Test G
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Figure 5.19. Comparison of Permeability Results for Test G on A-2-4 Soil

Comparison of A-2-4 Permeability Results for Test H
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Figure 5.20. Comparison of Permeability Results for Test H on A-2-4 Soil
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Comparison of A-3 Permeability Results for Test A
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Figure 5.21. Comparison of Permeability Results for Test A on A-3 Soil

Comparison of A-3 Permeability Results for Test B
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Figure 5.22. Comparison of Permeability Results for Test B on A-3 Sail
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Comparison of A-3 Permeability Results for Test C
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Figure 5.23. Comparison of Permeability Results for Test C on A-3 Sail

Comparison of A-3 Permeability Results for Test D
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Figure 5.24. Comparison of Permeability Results for Test D on A-3 Soil




Comparison of A-3 Permeability Results for Test E
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Figure 5.25. Comparison of Permeability Results for Test E on A-3 Sail

Comparison of A-3 Permeability Results for Test F
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Figure 5.26. Comparison of Permeability Results for Test F on A-3 Soil
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Comparison of A-3 Permeability Results for Test G
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Figure 5.27. Comparison of Permeability Results for Test G on A-3 Soil

Comparison of A-3 Permeability Results for Test H
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Figure 5.28. Comparison of Permeability Results for Test H on A-3 Soil
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Comparison of A-2-4 Current LBR Permeability Results
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Figure 5.29. Comparison of Permeability Results for each Test Method using Current
LBR Mold (A-2-4 Soil)

Comparison of A-2-4 Prototype 3 Permeability Results
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Figure 5.30. Comparison of Permeability Results for each Test Method using Prototype

3 (A-2-4 Soil)
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Comparison of A-3 Current LBR Permeability Results
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Figure 5.31. Comparison of Permeability Results for each Test Method using Current

LBR Mold (A-3 Soil)
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Figure 5.32. Comparison of Permeability Results for each Test Method using Prototype

3 (A-3 oil)
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The results of all the tests were averaged in order to demonstrate the overall effect that
each test method had on the coefficient of permeability. The results from the parametric
sengitivity study provide the following information about the magnitude of the coefficient

of permeability that resulted from each type of test conducted:

e TestA-1l
e TestB-|
e TestC-+
e TestD-1
e TestE-u
e TestF-1!
e TestG-1
e TestH-11

The magnitude of the variability from each type of test is presented in the next section of

this report.

5.3 Overal Comparison

This section of the report presents an overall comparison of the results from each anaysis
of the permeability tests that were conducted. A statistical analysis of the parametric
evaluation is also provided in order to better understand the influence that sample

preparation parameters can have on the coefficient of permeability.
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5.3.1 Prototype Permeability Results

The results from each of the comparative and parametric analyses were evaluated in order
to visualize the reduction in the permeability value that was seen between the use of the
prototypes and the current LBR mold. Tables5.7 —5.12 present the data as a percentage
decrease, it should be noted that negative values indicate an increase in permeability with
the use of aprototype. The mgjority of the values indicate a reduction in the permeability
using the prototypes; thisis to be expected since the channeling effect along the mold/soil

interface allows more flow to occur with the use of the current LBR mold.

Table 5.7. Reduction of Permeability using Prototype 1

Reduction
Trial (%)

1 5.91
32.05
28.99
26.37 Average
31.32 24.93

agllbh (W

Table 5.8. Reduction of Permeability using Prototype 2

Reduction
Trial (%)

1 16.67
29.47
36.35
33.60 Average
37.54 30.73

g~ |wiN
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Table 5.9. Reduction of Permeability using Prototype 3 (I-4 Soil Material)

Reduction
Sample (%)
19518 68.09
19519 -60.00
19522 54.41
19523 -312.50
19530 91.11
19531 58.11
19533 54.29
19534 -27.66
19536 -445.71

Table 5.10. Reduction of Permeability using Prototype 3 (I-4 Soil Material)

Reduction
Test (%)
Gainesville #1 87.50
Gainesville #2 73.33
Gainesville #3 64.71
Gainesville #4 15.56
Lake City #1 89.58 Average
Lake City #2 N/A 66.14

Table 5.11. Reduction of Permeability using Prototype 3 (A-2-4) (Parametric Evaluation)

Reduction

(%)
A 39.83
B 28.26
C 35.49
D 23.56
E 24.22
F 46.04
G 9.46

Average

H 36.77 30.46
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Table 5.12. Reduction of Permeability using Prototype 3 (A-3) (Parametric Evaluation)

Reduction

(%0)
A 33.14
B 47.70
C 34.32
D 57.71
E 13.61
F 35.84
G 26.82
H 31.10

Average

With the exception of the four tests conducted on the I-4 soil material, Prototype 3 had

35.03

the highest average percentage decrease in soil permeability.

5.3.2 Statistical Anaysis of Prototype 3 Parametric Results

The statistical analysis that was conducted as part of this investigation evaluated the

standard deviation between each of the tests that were part of the parametric study. The

results of the statistical analysis are provided in Tables 5.13 and 5.14. A graphical

comparison of the standard deviations for each of the permeameters and soil typeis given

in Figures 33 — 36.
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Current LBR

Prototype 3

2.62544E-05 1.99814E-05
3.23213E-05 3.50403E-05
3.79071E-05 9.14475E-06
3.6639E-05 3.11904E-05
3.36202E-05 2.80019E-05
3.58951E-05 3.0834E-05
8.71061E-05 3.82743E-05
8.58272E-05 4.10029E-05

Table 5.14. Comparison of Standard Deviation for Parametric Evaluation (A-3 Sail)

Current LBR

Prototype 3

2.91215E-05 2.34056E-05
5.27066E-05 1.66213E-05
5.92697E-05 1.27968E-05
4.4257E-05 1.19633E-05
5.65089E-05 5.13858E-05
1.7324E-05 1.56513E-05
8.5809E-05 6.02443E-05
7.05364E-05 3.51156E-05

Table 5.13. Comparison of Standard Deviation for Parametric Evaluation (A-2-4 Soil)
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Comparison of A-2-4 Current LBR Std. Dev. Results
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Figure 5.33. Comparison of Standard Deviation for Current LBR (A-2-4 Soil)
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Figure 5.34. Comparison of Standard Deviation for Prototype 3 (A-2-4 Soil)




Comparison of A-3 Current LBR Std. Dev. Results
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Figure 5.35. Comparison of Standard Deviation for Current LBR (A-3 Soil)
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Figure 5.36. Comparison of Standard Deviation for Prototype 3 (A-3 Soil)
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The results from the statistical analysis of the parametric sensitivity study provide the

following information about the variability of the coefficient of permeability that resulted

from each type of test conducted:

Prototype 3 had alower standard deviation compared to that of the current LBR mold.
Test method D had the lowest average standard deviation of the test methods. Overall

conclusions and recommendations for limiting the variability in permeability testing

Test A - 1)

TestB -1

TestC-

TestD- 1!

TestE- 11

TestF-1

TestG- 11

TestH -1

methodology are supplied in Chapter 6.
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CHAPTER 6
CONCLUSIONS AND RECOMMENDATIONS

This chapter provides a discussion of the conclusions and recommendations that can be

drawn from the analysis of the results from the permeability study.

6.1 Conclusions

The study shows that both aflexible-wall and grooved rigid-wall cylinder mold reduce
the effect of sidewall leakage. On average, lower permeability values resulted when
using the prototypes, implying that piping had been reduced. A comparison of the test
methods used in the parametric evaluation demonstrated that a thirty-minute (30-min)
saturation method with an applied full vacuum and the use of a saturated top porous stone

produced the lowest standard deviation between testing trials.

6.2 Recommendations

Based on the negative design issues of the flexible-wall permeameters and discussions
with Dr. Dave Horhota at the State Materials Office, the use of Prototypes 1 and 2 was
not considered feasible. The complexities of the procedure as well as the leakage
problems for the flexible-wall permeameter were considered greater problems than the
potential benefitsthat it could offer. The use of seepage ringsin Prototype 3 allowed for

the continued use of the LBR mold with only slight modifications and was considered the
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best option for reducing the sidewall leakage of the current LBR mold. A
recommendation is made to calibrate and test the automatic compaction equipment at the
laboratory facilities statewide. Therefore the use of the current compaction procedures

could be continued with greater reliability.

Vacuum saturation had previously been considered difficult due to the inability to
maintain sample integrity. Downward saturation and air evacuation of samples can aso
have an effect on the density and permeability of the soil material, due to aloss of fines
through the process. Appendix D is a study that was conducted which presents the effect
that aloss of fines can have on typical Floridasoil. Therefore, a modified saturation
method is recommended to improve sample saturation. Increased degrees of saturation
have been observed using reduced vacuum pressures of approximately 5-10 inches
mercury applied at the top of the sample in the upward direction. A springis
recommended to apply a confining force of 5-10 pounds to the top porous stone and

provide a higher degree of sample integrity.

In order to limit the variability seen in permeability results on similar soil samples from
different test facilities, a more standardized sample preparation and permeability testing
procedure is also recommended. An example of a proposed sample preparation and

permeability testing procedure is provided in Appendix E.

It should be stated that these recommendations are based on limited testing of only afew
types of soil materials. Additional testing isrequired in order to verify the results and to

further examine the variability seen in permeability testing methodol ogy.
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APPENDIX A
CURRENT FLORIDA METHOD (FM 1-T 215)
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FM [T 215
Sep 4

Standard Methad of Test
far

FPERMEABILITY OF GRANULAR 50ILS
(CONSTANT HEAL)

AASHTO Designation: T 215-70 {1984)
(ASTM Designation: D 243468 (1974))

SCOPE

This mathod of test covers a procedure for determining the coefficiant of permeability by a
exmatant-hiead method for the laminar flow of water through granular soils. The procedare is
intended to establish representative values of the coefficient of permeability of granular soils that
may occur in natural deposits or as placed in embankments, or when used a5 hase courses wnder
pavements. In grder 10 limit consolidation influences during testing, this procedure is limited m
disturbed granular soils containing not more than 10 percent of non-plastic character passing the
0,075 mm (Mo, 2000 sheve,

FUNDAMENTAL TEST CONDITIOMS

2.1 The following ideal test conditions are prerequisiies for the laminar flow of water through
granular oils under constant-head conditions:

2.1.1 Continuity of flow with no soil volome changes during a test,

.12 Flow with the soil voids saturaced with water and oo air bubbles in ihe soil voids.

2.1.3 Flow in the steady state with no changes in hydraulic gradient, and

2.1.4 Direct proportionality of velocity of flow with hydraulic pradients below certain critical values,
where turbulent flow stams.

2.2 Al other types of flow involving partis] satuestion of soil voids, fucbulent flow, and unsiesdy
stare of flow are transient in character and yield variable and time-dependent coefficients of
permeability, therefore, they require special test conditions and procedures.

APPARATUS

3.1 Permeameters, as shown in Fig. 1, shall have specimen cylinders with minimum diameters

approximately 8 or 12 times the maximum particle size in accordance with Table 1. The
permeametes showld be fited with: (1) 3 porous disk or suitable reinforced screen at the bottom
with a permeability greater than that of the soil specimen, bit with openings sufficiently small
(mot larger than 10 percent finer size) to prevent movement of particles: (2) manometer sutlors foF
measuring the loss of head, b, over & length, 1, equivalent 1o at lesss the diagmeter of the eylinder;

{1 af 9)
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(3] a porous disk or suitable reinforced screen with a spring ariached 1o the top, or any other
device, for applying a light spring pressure of 22 w 44N (5 tw 10 [bf) wtal load, when the top
plate is attached in place. This will hold the placement density and volume of soil without change
ituring the saturation of the specimen and the permeability testing to satisfy the regquirement
preseribed 201,01,

Congtant Head Filter Tank, as shown in Fig. 1, o supply water and to remove most of the qir
from fap water, firted with suitable control valves to maintsin conditlons described in 2.1.2,

Mote 1: De-pired water may be used if prafeerad,

3.3 Large Funnels, fitted with special cylindrical spouts 25 mm (1 in.) in diameter for 9.5 mm (378
in.) miximum size paricles and 12.7 (1/2 in.) in diameter for 2.00 mm (Mo, 10) maximum size
particles, The length of the spout should be grester than the full length of the permeability
chamber - at least 152 mm (6 in.}.

3.4 Specimen Compaction Equipment - Compaction equipment as deemed desirable may be used.
The followling are suggested: a vibrating tamper fitted with a tamping foot 30 mm (2 in.) in
diameter; a sliding-weight amper consisting of a tamping foot 50 mm (2 in.) in diameter, and 2
rod for sliding weights of 100 g (0,22 Ib) {for sands) to 1 kg (2.25 Ih) {for soils with a large
gravel content), having an adjustable height of drop to 100 mm (4 in.) for sands sind 200 mm (8
in.) for soils with largs gravel contents.

3.5 Macuum Pump or Water Fauce: Asplrator, for evacuating and for saturating soil specimens under
full vacuom (es Fig. 2).

1.6 Meanometer Tubes, with metric scales for measuring head of water,

17 Balunce, conforming 10 the requirements of AASHTO M 231, Class G 5.

3.8 Scoop, with a capacity of about 100 g (0.22 b} of soil,

3.9 Miscellanaous Apparatus - Thermameters, clack with sweep second hund, 250 mil Eraduate, quart
Jjar, mixing pan, scoop, ete.

SAMPLE

4.1 A representative sample of aic-dried granular soll, containing less than 10 percent nonplastic soil
patsing the 0,075 mm sieve and equal to an amount sufficient 1o satisfy the requiremants
prescribed in 4.2 and 4.3, shall be selected by the method of quartering.

2.2 A sleve analysis FM 1-T 088, Test for Particle Stze Analysis of Soils, shall be made on a

representative sample of the complete soll prior 1o the permeability test, Any particles larger than
19.0 mm (3/4 in.) shall be separated out by sieving. This oversize material shall nog be wiad for
the permeability test, but the percentage of the oversize material shall be recorded.

2ol 9)
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= wmuh g

FIGURE ;  Devies for Evanistlng and Sahirsilag 5pecime

Mote 2o In order to establish values of cosfficients of permeabilities for the range that may exist in the
situation being investigated, samples of the finer, average, and coarser $ails should be obtzined
for testing,

4.3 From the material from which the oversize has been removed (ses 4.3), select by the method of
quartering, a sampla for testing equal to an amount approximately twice thar required for filling
the permeameter chamber.

(3 of 9) F
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5. PREPARATION OF SPECIMENS

5.

The aize of permeameter o be used shall ba as prescribed i Tuble 1

Make the following initial measurements in millimeters or square millimeters and record on the
test data sheet (Fig. 33 the inside diameter, D, of the permeameter; the length, L, between
manometer gutlets; the depth, H, , measured 2t four symmetrically spaced points from the apper
surface of the top plate of permeability cylinder to the top of the upper porous Slons of screen
temperarily placed on the lower porous plate or sereéen, This automatieally deducis the thickness
of the upper porous plate or sereen from the height measurements used to determing the volume
of zail placed in the permeability cylinder. A duplicaa top plae containing four lurge
symmetrically spaced openings theough which the necessary measurements can be made shall be
employed 10 determine the average value for 1-!1- Caloulate the cross sectional area, A, of the
spscimen.

TAEE ] Cyliodor Dismeier

Mizierir Cplosks Dhimcter
Seliore (s 15 perivnd Lam dums 19 pereesd
ol Bdul Bl o Tl Sl
by pirmrn Pugtom b S [l ‘2 e 8 %mm A 9 fmm
Bofwers Sieve Dpemisgr [blex. 100 S-la [Ma. W3 fW-im)
2 0mem (W 1) emed 9 3o (i | 15 mm e 113 s —_
i} (R T
9 9-mm (e ead Pme |- | - 15 i - TH} i
LA W mb

5.3

54

541

54,2

A small porthoen of the sample selected as prescribed in 4.2 shall be mken for water content
determinations, Recoed the mass of the remaining air-dried sample (see 4.3), W, for density
determinations.

Place the prepared soil by one of the following procedures in uniform thin layers approximately
equal in thickness afier compaction to the maximum size of particle, bul not less than
approximatedy 15 mm {60 in.).

For soils having & mazimum size of 9.5 mm (38 In.) or less, place the appropriate size of
funnel, as preseribed in 3.3, in the permeabtlity device with the spout in comact with the lower
porous plate or screen, or previously formed layer, and fill the funnel with sufficiant soil o
form a layer, taking soil from different arcas of the sample in the pan. LI the funnel by 15
mm (0.60 in.}, or approximately the uncorsolidated layer thickness to be formed, and spread
the s0il with slow spiral modion, working from the penimeter of the device toward the cemter,
so that 4 untform layer is formed, Remix the sofl in the pan for each successive layer (o
reducs segregation caused by taking soil from the pan,

For solls with & maxlbmum size greater than 9.5 mm (308 in.}, spread the soil from a scoop,
Uniform spreading can be obtained by sliding & scoopful of soil in a nexrly horizontal position

{4 of 9)
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down along the inside surface of the device to the honom or 1o the formed layer, then tilting
thee scoop and drawing it toward the center with a single slow motion; this allows the soil to
run smoathly from the seoap in a windrow without segregation.  Turn the permeahility cylinder
sufficiently for the next scoopfial, thus progressing asound the inside perimeter 1o form &
unifiorm compacted layer of a thickness equal 1o the maximum paricle size.

5.5  Compact successive layers of soil to the desired relative density by appropriate procedures, a3
folbonws, to a height of about 20 mm (0.5 in.) abowve the upper manometer outlet.

351 ini fil P i Continus placing layers of soil in succession
by one of the procedures described in 5.4.1 or 5.4.2 until the device is filled 1o the peoper
Tenzl,

552 imum Densi lativa Dpnsited] -

5521 Compacting by Vibrating Tamper - Comgact each layer of soil thoroughly with the
vibesting tamper, distributing the light tamping action uniformly over the surface of the
layer in a regular pattern. The pressure of contict and the length of time of the vibrating
acthon 31 esch spot should not cause soll to escape from beoeath the edges of the Tamping
foot, thus tending to loosen the layer, Make a sufficient number of coverages to prodace
maximum density, a5 evidenced by practically no visibie motion of surface particles
adjacent to the edges of the tamping foot.

55312 Cpmpaction by Sliding Weight Tamper - Compact each layer of soil thoroughly by tamping
Pows uniformly distributed over the surfuce of the layer. Adjust the height of drop and
give sufficient coverages to produce maximum density, depending on the coarseness and
giaved content of the soil.

£.323 Compastion by Ciher Methods - Compaction miy be accomplished by other approved
methods, such & by vibratory packer equipment, where care [s taken 1w obtain a uniform
specimen without segregation of particle skzes.

553 Relative Density [ntermediate Between 0 and 100 Percent - By trial in a separate container of
the same diameter as the permeability cylinder, adjust the compaction 1o obtain repraducible
vaolues of relative density, Compact the sol in the permeability cylinder by these procedures in
thin layers to a height about 20 mm (0,80 in,) above the upper manometer outlet.

Motz 3 In ovder to bracket, systematically and representatively, the relative density conditions that may
govern in patural deposi or in compacted embankments, a series of permeability tests should
be made o bracket the ranges of field relative densitles.

5.6 Preparation of Specimens for Permeability Test:

1
_

LasTM Designation: [ 2049, Standard Method of Test for Relative Density of Cohesionless Soils.

(5 of )
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Lavel the upper surface of the soil by placing the upper porous plale or screen in posicion and
by eoaming it gently back and forth,

pzssure and recond; The finel helghi of specimen, H 1-] » by measering the depth, Hl from
the upper surface of the perforated wp plate employad I-'I'I-H.'E-'llTl: H, to the top of the ipper
[irous plute or sereen st four symmetrically spaced points afier El’.li'ﬁp-deElJl“‘ Ure spring Hightly
to seat the porous plale or screen during the messurements; the finul mass of aic-dried soil used
in the 1t (W, W) by weighing the remalnder of soil, W, lefi in the pan. Compute and
racnrd the -:Ienstueq void ratio, and relative deosity nF the SpECimen.

With its pasket in place, press down the wp plae sgainst the speing and attach o securely ©
the top of the parmeameter cylinder, making on irtipht seal. This satisfies the condition
describad in 2.1.1 of bolding the initial density without significant volume change: during the
esL

Lising a vacuum pump of sultable aspicaior, evacuace the specimen under 500 mm (20/in.)
mercury minimam for 15 min to remove air slbering to sodl particles and from the veids.
Fallow the evacuation by a slow sataration of the 5-|J:;im|:n from the bewom upward (Fig. 1)
under full vacuum in order 10 fred.any femaining sir in the specimen.  Continued saturation of
the specimen can be maintained adequately by the use of (1) deaired water, or (2) water
maintatnad & s ln-flow tumpaalu.f& sufficiently high to cawes n de.;rg.mng t=mperature
gradient in the specimen during the test. MNative water or water of low mineral content showld
be used for the s, but in any case the fluid should be deseribed on the report form (Fig. 3).
This satisfies the conditions described in 2.1.2 for satwration of soil voids,

HNative water ks the water occurring in the rock or soil in situ, 1t should be used of possible,
but it {as well as de-aired water} may be o refinemant not ordinarily feasible for large-scale
procluction festing. i

Afer the specimen has been saiurated and the permeameter is full of waser, close the botiom
valve on the outlet the (Fig. 2 and disconnect the vaguum, Care should be taken 1o ensure
that the permeability flow sysiem and the manometer system are free of ir and are working
satisfactorily. Fill the inlet mbe with water from the corstant-head tank by slighily opening the
filter tank valve. Then connect the inlet tube to the top of the permeamater, open the inlet
valve glighudy and open the manometer outlet cocks, slightly, to allow water to Aow, thus
frecing them of air. Connest the water manomeder whes 10 the manometar ouslets srd M1 with
watar 1o remove the air. Close the inlet valve and open the outlat valve to allow the water in
the manometer tubes 0 reach their siable water level under zero head.

6. PROCEDURE

0.1

Cipen the inles valve from the filies tank slightly for the first run to conditions described in 2,1.3,

delay measuremends of quantity of flow and head until 3 stable head condition without appreciahle
delft in water manometer levels ii_':ila.]ned. Measure urdl record the time, £, head, h fhe
difference in leved in the manometers), quantity of flow, Q. and water temperature, T,

(6 of B
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f.2  Repest test runs ot hesds incressing by 5 mm in arder w éstablish accurstely the eegion of lamim;
Mow with valocity, v, {where v = QWAL directly proportional to hydraulic gradient, § iwhere i =
hl), When departures from the linear relstion become apparent, indicating the initiation of
turbulent fow conditions, 10 men intervals of head may be used to carry the test run sufficienty
along in the region of turbulent flow to define this region if it i significant e field conditions.

Motz 51 Much lower values of hydraulic gradiene, hiL, are reguired than geserally recopnized, in orde
o insure lamioar flow conditlons, The fllowing values aré sugpested: Loose compacties
ratings b/L from 0.2 b 0.3, and dense compactness ratings hiL from 0.3 o 0.5, the lowsr
values of /L applying 1o coarser soils and the higher values to finer soils.

6.3 At the completion of the permeability test, drain the specimen and inspect it to estahiish whether
it was essentially homogeneous and isotrapic in charscter. Any light and dark aliernating
horizontal streaks or layert are evidence of segregation of fines.

T, CALCULATIONS

71 Calculate the coefficient of permeability, k, o follows;

k=D0L
Ath
Where: k = coefficient of permeability,

0 = quantity of water discharged,

L = diztance betwesn manometers,

A = cross-sectionnl zrea of specimen,
t = tatal tiee of discharge,

b = diffarence in head on manometers.

1.2 Correct the permeability to that for 20°C (68°F) by multiplying k (7. [) by the ratio of the
viscosity of water at tast tempersture 1o the viscosity of water at 20°C (68°F)

B. REFORT
8.1  The report of permaeability tast shall include the fullowing information:
8.1.1  Project, dates, sample number, location, depth, and any other pertinent information,

8.1.2  Grain size analysis, classification, maximum particle size, and percentage of any overstes
murterial not used.

8.1.3  Dry density, void ratio, relative density as placed, and maximim and minimum densities,

.14 A statement of any departures from thess 125t conditions, so the resulis can be wa_!f:amd anl
used,

(% of &)
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.15 Complete test data, as indicated In the lahoeatory form for test data (see Fig. 3) and

8.1.6  Test curves plotting velocity, Q/At, versus hydraulic gradient, WL, covering the ranges of soil
identifications and of relative densities.

{9 of 9)
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APPENDIX C
PERMEABILITY RESULTSDATA
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Current LBR Permeability Results

{ Soil Type | A-2-4 |
A) 30 Minute Saturation Method, No Vacuum, and T teel Disk
Trial 1
Reading | Q(cm®) [ t(sec) |Temp (°C)| k(crs) koo (cVS) | Temp Factor | Velocity (cvs) | Hyd Gradient
1 21 60 24.0 2.237E-04 | 2.040E-04 0.9097 0.0019 8.576
2 22 60 24.0 2.344E-04 | 2.137E-04 0.9097 0.0020 8.576
3 22 60 24.0 2.344E-04 | 2.137E-04 0.9097 0.0020 8.576
4 23 60 24.0 2.450E-04 | 2.234E-04 0.9097 0.0021 8.576
5 23 60 24.0 2.450E-04 | 2.234E-04 0.9097 0.0021 8.576
2.365E-04 | 2.157E-04
Reading | Q(cm®) | t(sec) |Temp(°C)| k(crms) koo (cnVS) | Temp Factor | Velocity (cmvs) | Hyd Gradient
1 44 120 23.8 2.344E-04 | 2.147E-04 0.914 0.0020 8.576
2 45 120 23.8 2.397E-04 | 2.196E-04 0.914 0.0021 8.576
3 44.5 120 23.8 2.370E-04 2.172E-04 0.914 0.0020 8.576
4 24 120 23.8 1.278E-04 | 1.171E-04 0.914 0.0011 8.576
5 44.5 120 23.8 2.370E-04 2.172E-04 0.914 0.0020 8.576
2.152E-04 | 1.971E-04
Reading | Q(cm® | t(sec) |[Temp(°C)] k(cmvs) kzo (cmVs) | Temp Factor | Velocity (cmvs) | Hyd Gradient
1 20 60 24.2 2.131E-04 | 1.938E-04 0.9055 0.0018 8.576
2 19 60 24.2 2.024E-04 1.841E-04 0.9055 0.0017 8.576
3 21 60 24.2 2.237E-04 | 2.035E-04 0.9055 0.0019 8.576
4 20 60 24.2 2.131E-04 1.938E-04 0.9055 0.0018 8.576
5 20 60 24.2 2.131E-04 1.938E-04 0.9055 0.0018 8.576
2.131E-04 1.938E-04
Reading | Q(cm®) | t(sec) |Temp(°C)| k(cmvs) kzo (cmVs) | Temp Factor | Velocity (cnvs) | Hyd Gradient
1 22 60 25.0 2.344E-04 | 2.132E-04 0.8887 0.0020 8.576
2 23 60 25.0 2.450E-04 | 2.229E-04 0.8887 0.0021 8.576
3 22 60 25.0 2.344E-04 | 2.132E-04 0.8887 0.0020 8.576
4 22 60 25.0 2.344E-04 | 2.132E-04 0.8887 0.0020 8.5676
5 22 60 25.0 2.344E-04 | 2.132E-04 0.8887 0.0020 8.576
2.365E-04 2.152E-04
Reading | Q(cm®) | t(sec) [Temp(°C)| k(cmis) kao (cnVs) | Temp Factor | Velocity (cmvs) | Hyd Gradient
1 16 60 24.7 1.705E-04 | 1.551E-04 0.895 0.0015 8.576
2 16 60 24.7 1.705E-04 1.551E-04 0.895 0.0015 8.576
3 15 60 24.7 1.598E-04 | 1.454E-04 0.895 0.0014 8.576
4 15 60 24.7 1.598E-04 1.454E-04 0.895 0.0014 8.576
5 16 60 24.7 1.705E-04 1.551E-04 0.895 0.0015 8.576
1.662E-04 | 1.512E-04
[Avg Perm | 1.946E-04]crm/s ]
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B) 30 Minute Saturation Method, No Vacuum, and Top Porous Stone

Reading | Q(cm®) | t(sec) |Temp(°C)| k(crs) kzo (CTVS) | Temp Factor | Velocity (cmvs) | Hyd Gradient
1 34 60 24.8 3.622E-04 | 3.295E-04 0.8929 0.0031 8.576
2 34 60 24.8 3.622E-04 | 3.295E-04 0.8929 0.0031 8.576
3 34 60 24.8 3.622E-04 | 3.295E-04 0.8929 0.0031 8.576
4 65 120 24.8 3.462E-04 | 3.150E-04 0.8929 0.0030 8.576
5 34 60 24.8 3.622E-04 | 3.295E-04 0.8929 0.0031 8.576
3.590E-04 | 3.266E-04
Reading | Q(cm®) | t(sec) |[Temp(°C)| k(cmis) k2o (Vs) | Temp Factor | Velocity (cmvs) | Hyd Gradient
———
1 32 60 25.1 3.409E-04 | 3.101E-04 0.8866 0.0029 8.576
2 33 60 25.1 3.516E-04 | 3.198E-04 0.8866 0.0030 8.576
3 33 60 25.1 3.516E-04 | 3.198E-04 0.8866 0.0030 8.576
4 32 60 25.1 3.409E-04 | 3.101E-04 0.8866 0.0029 8.576
5 32 60 25.1 3.409E-04 | 3.101E-04 0.8866 0.0029 8.576
3.452E-04 | 3.140E-04
Reading | Q(cm®) | t(sec) |[Temp (°C)] Kk (crmvs) kzo(cVs) | Temp Factor | Velocity (cmvs) | Hyd Gradient
1 30 60 243 | 4.155E-04 | 3.780E-04 | 0.9034 0.0036 8576
2 39 60 24.3 4.155E-04 | 3.780E-04 0.9034 0.0036 8.576
3 38 60 24.3 4.048E-04 | 3.683E-04 0.9034 0.0035 8.576
4 40 60 24.3 4.261E-04 | 3.877E-04 0.9034 0.0037 8.576
5 39 60 24.3 4.155E-04 | 3.780E-04 0.9034 0.0036 8.576
4.155E-04 | 3.780E-04
Reading | Q(cm®) | t(sec) |Temp (*C}| Kk (cvs) ka0 (cn¥s) | Temp Factor | Velocity (cvs) | Hyd Gradient
1 30 60 25.3 3.196E-04 | 2.907E-04 0.8824 0.0027 8.576
2 31 60 25.3 3.303E-04 | 3.004E-04 0.8824 0.0028 8.576
3 30 60 25.3 3.196E-04 | 2.907E-04 0.8824 0.0027 8.576
4 30 60 25.3 3.196E-04 | 2.907E-04 0.8824 0.0027 8.576
5 30 60 25.3 3.196E-04 | 2.907E-04 0.8824 0.0027 8.576
3.217E-04 | 2.927E-04
Reading | Q(cm®) | t(sec) |[Temp (°C)| k(cnvs) ka0 (cmVs) | Temp Factor | Velocity (cnvs) | Hyd Gradient
1 35 60 249 | 3.720E-04 | 3.392E-04 |  0.8008 0.0032 8.576
2 35 60 24.9 3.729E-04 | 3.392E-04 0.8908 0.0032 8.576
3 36 60 24.9 3.835E-04 | 3.489E-04 0.8908 0.0033 8.576
4 36 60 24.9 3.835E-04 | 3.489E-04 0.8908 0.0033 8.576
5 36 60 24.9 3.835E-04 3.489E-04 0.8908 0.0033 8.576
3.793E-04 | 3.450E-04
|Avg Perm | 3.313E-04]cnvs |
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C) 30 Minute Saturation Method, Vacuum, and Top Steel Disk

Reading | Q(cm® | t(sec) [Temp(°C)| k(cms) koo (cmVs) | Temp Factor | Velocity (cnvs) | Hyd Gradient
1 35 60 25.3 3.729E-04 | 3.392E-04 0.8824 0.0032 8.576
2 36 60 25.3 3.835E-04 | 3.489E-04 0.8824 0.0033 8.576
3 35 60 25.3 3.729E-04 | 3.392E-04 0.8824 0.0032 8.576
4 34 60 25.3 3.622E-04 | 3.295E-04 0.8824 0.0031 8.576
5 35 60 25.3 3.729E-04 3.392E-04 0.8824 0.0032 8.576
3.729E-04 | 3.392E-04
Reading | Q(cm®) | t(sec) {Temp(°C)| k(cns) ka0 (cm/s) | Temp Factor | Velocity (cnvs) | Hyd Gradient
1
1 32 60 24.9 3.409E-04 | 3.101E-04 0.8908 0.0029 8.576
2 33 60 24.9 3.516E-04 | 3.198E-04 0.8908 0.0030 8.576
3 33 60 249 3.516E-04 3.198E-04 0.8908 0.0030 8.576
4 35 60 24.9 3.729E-04 | 3.392E-04 0.8908 0.0032 8.576
5 34 60 24.9 3.622E-04 | 3.295E-04 0.8908 0.0031 8.576
3.558E-04 | 3.237E-04
Reading | Q(em®) | t(sec) |Temp (°C)| k(cmis) kzo (cmVs) | Temp Factor | Velocity (cnvs) | Hyd Gradient
1 42 60 22.5 4.475E-04 | 4.225E-04 0.9421 0.0038 8.576
2 41 60 22.5 4.368E-04 | 4.125E-04 0.9421 0.0037 8.576
3 42 60 22.5 4.475E-04 | 4.225E-04 0.9421 0.0038 8.576
4 42 60 22.5 4.475E-04 | 4.225E-04 0.9421 0.0038 8.576
5 42 60 22.5 4.475E-04 | 4.225E-04 0.9421 0.0038 8.576
4.453E-04 | 4.205E-04
Reading [ Q(cm® | t(sec) [Temp(°C)| k(crs) ka0 (CMVS) | Temp Factor | Velocity (cnvs) | Hyd Gradient
1 38 60 25.1 4.048E-04 | 3.683E-04 0.8866 0.0035 8.576
2 38 60 25.1 4.048E-04 3.683E-04 0.8866 0.0035 8.576
3 39 - 60 25.1 4.155E-04 | 3.780E-04 0.8866 0.0036 8.576
4 38 60 25.1 4.048E-04 3.683E-04 0.8866 0.0035 8.576
5 38 60 25.1 4.048E-04 | 3.683E-04 0.8866 0.0035 8.576
4.070E-04 3.702E-04
Reading | Q(cm® | t(sec) |Temp (°C)] k(cm/s) ko (CMVS) | Temp Factor | Velocity (cnvs) | Hyd Gradient
1 39 60 23.2 4.155E-04 | 3.860E-04 0.9268 0.0036 8.576
2 38 60 23.2 4.048E-04 | 3.761E-04 0.9268 0.0035 8.576
3 39 60 23.2 4.155E-04 3.860E-04 0.9268 0.0036 8.576
4 39 60 23.2 4.155E-04 3.860E-04 0.9268 0.0036 8.576
5 38 60 23.2 4,048E-04 3.761E-04 0.9268 0.0035 8.576
4.112E-04 | 3.820E-04
[AvgPerm | 3.671E-04][cm/s |

96



D) 30 Minute Saturation Method, Vacuum, and Top Porous Stone

Reading | Q(cm®) | t(sec) |Temp (°C)| k (cvs) ka0 (cmvs) | Temp Factor | Velocity (cmvs) | Hyd Gradient
1 38 60 24.8 4.048E-04 | 3.683E-04 0.8929 0.0035 8.576
2 39 60 24.8 4.155E-04 | 3.780E-04 0.8929 0.0036 8.576
3 40 60 24.8 4.261E-04 | 3.877E-04 0.8929 0.0037 8.576
4 39 60 24.8 4.155E-04 | 3.780E-04 0.8929 0.0036 8.576
5 39 60 24.8 4.155E-04 | 3.780E-04 0.8929 0.0036 8.576
4.155E-04 | 3.780E-04
Reading [ Q(cm® | t(sec) |Temp(°C)} k(cmvs) ka0 (cmVs) | Temp Factor | Velocity (cnv/s) | Hyd Gradient
1 42 60 25.2 4.475E-04 | 4.070E-04 0.8845 0.0038 8.576
2 41 60 25.2 4.368E-04 | 3.974E-04 0.8845 0.0037 8.576
3 42 60 25.2 4.475E-04 | 4.070E-04 0.8845 0.0038 8.576
4 42 60 25.2 4.475E-04 | 4.070E-04 0.8845 0.0038 8.576
5 42 60 25.2 4.475E-04 | 4.070E-04 0.8845 0.0038 8.576
4.453E-04 | 4.051E-04
Reading | Q(cm®) | t(sec) |Temp (°C)[ k(cmis) kzo (cvs) | Temp Factor | Velocity (cmvs) | Hyd Gradient
1 37 60 24.3 3.942E-04 3.586E-04 0.9034 0.0034 8.576
2 37 60 24.3 3.942E-04 | 3.586E-04 0.9034 0.0034 8.576
3 38 60 24.3 4.048E-04 | 3.683E-04 0.9034 0.0035 8.576
4 37 60 24.3 3.942E-04 | 3.586E-04 0.9034 0.0034 8.576
5 37 60 24.3 3.942E-04 | 3.586E-04 0.9034 0.0034 8.576
3.963E-04 | 3.605E-04
Reading | Q(cm®) | t(sec) |Temp (°C)| k (crs) koo (cM¥S) | Temp Factor | Velocity (cmvs) | Hyd Gradient
1 32 60 24.9 3.409E-04 3.101E-04 0.8908 0.0029 8.576
2 32 60 24.9 3.409E-04 | 3.101E-04 0.8908 0.0029 8.576
3 33 60 24.9 3.516E-04 | 3.198E-04 0.8908 0.0030 8.576
4 32 60 24.9 3.409E-04 | 3.101E-04 0.8908 0.0029 8.576
5 33 60 24.9 3.516E-04 | 3.198E-04 0.8908 0.0030 8.576
3.452E-04 | 3.140E-04
Reading | Q(cm®) | t(sec) |Temp (°C)| k(crms) kao (cMVs) | Temp Factor | Velocity (cmvs) | Hyd Gradient
1 35 60 24.8 3.729E-04 | 3.392E-04 0.8929 0.0032 8.576
2 34 60 24.8 3.622E-04 | 3.295E-04 0.8929 0.0031 8.576
3 33 60 24.8 3.516E-04 | 3.198E-04 0.8929 0.0030 8.576
4 34 60 24.8 3.622E-04 | 3.295E-04 0.8929 0.0031 8.576
5 34 60 24.8 3.622E-04 | 3.295E-04 0.8929 0.0031 8.576
3.622E-04 | 3.295E-04
[AvgPerm T 3.574E-04]crvs
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E) Overnight Saturation Method, No Vacuum, and Top Steel Disk

Reading | Q(cm?) | t(sec) [Temp(°C)| k(cmis) kzo(cVs) | Temp Factor | Velocity (cnvs) | Hyd Gradient
1 21 60 25.5 2.237E-04 | 2.035E-04 0.8782 0.0019 8.576
2 20 60 25.5 2.131E-04 | 1.938E-04 0.8782 0.0018 8.576
3 20 60 25.5 2.131E-04 | 1.938E-04 0.8782 0.0018 8.576
4 21 60 25.5 2.237E-04 | 2.035E-04 0.8782 0.0019 8.576
5 20 60 25.5 2.131E-04 | 1.938E-04 0.8782 0.0018 8.576
2.173E-04 | 1.977E-04
Reading | Q(cm® [ t(sec) |Temp (°C)| k (cmvs) ka0 (CVS) | Temp Factor | Velocity (cnvs) | Hyd Gradient
1 22 60 25.8 2.344E-04 | 2.132E-04 0.8719 0.0020 8.576
2 22 60 25.8 2.344E-04 | 2.132E-04 0.8719 0.0020 8.576
3 21 60 25.8 2.237E-04 { 2.035E-04 0.8719 0.0019 8.576
4 22 60 25.8 2.344E-04 | 2.132E-04 0.8719 0.0020 8.576
5 22 60 25.8 2.344E-04 | 2.132E-04 0.8719 0.0020 8.576
2.322E-04 | 2.113E-04
Reading | Q(cm®) | t(sec) [Temp (°C)| k(cmis) ka0 (VS) | Temp Factor | Velocity (cnv's) | Hyd Gradient
1 18 120 239 9.588E-05 | 8.764E-05 0.9118 0.0008 8.576
2 18 60 23.9 1.918E-04 | 1.753E-04 0.9118 0.0016 8.576
3 19 60 239 2.024E-04 1.850E-04 0.9118 0.0017 8.576
4 19 60 23.9 2.024E-04 1.850E-04 0.9118 0.0017 8.576
5 18 60 23.9 1.918E-04 1.7563E-04 0.9118 0.0016 8.576
1.769E-04 1.616E-04
Reading | Q(cm®) | t(sec) [Temp (°C)] k(cmis) ka0 (cVs) | Temp Factor | Velocity (crvs) | Hyd Gradient
1 24 60 24.2 2.557E-04 | 2.326E-04 0.9055 0.0022 8.576
2 23 60 24.2 2.450E-04 | 2.229E-04 0.9055 0.0021 8.576
3 24 60 24.2 2.557E-04 | 2.326E-04 0.9055 0.0022 8.576
4 24 60 24.2 2.557E-04 | 2.326E-04 0.9055 0.0022 8.576
5 24 60 242 2.557E-04 | 2.326E-04 0.9055 0.0022 8.576
2.536E-04 | 2.307E-04
Reading | Q(cm®) | t(sec) [Temp (°C)| k (cnvs) kao (cmVs) | Temp Factor | Velocity (cmv's) { Hyd Gradient
1 25 60 24.7 2.663E-04 | 2.423E-04 0.895 0.0023 8.576
2 25 60 24.7 2.663E-04 | 2.423E-04 0.895 0.0023 8.576
3 26 60 247 2.770E-04 | 2.520E-04 0.895 0.0024 8.576
4 26 60 24.7 2.770E-04 | 2.520E-04 0.895 0.0024 8.576
5 27 60 24.7 2.876E-04 | 2.617E-04 0.895 0.0025 8.576
2.749E-04 | 2.500E-04
|Avg Perm | 2.103E-04]cm/s |
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F) Overnight Saturation Method, No Vacuum, and Top Porous Stone

Reading | Q(cm®) | t(sec) |Temp (°C)| k(cmvs) k2o (cMVS) | Temp Factor | Velocity (cnvs) | Hyd Gradient
1 27 60 25.8 2.876E-04 | 2.617E-04 0.8719 0.0025 8.576
2 28 60 25.8 2.983E-04 | 2.714E-04 0.8719 0.0026 8.576
3 28 60 25.8 2.983E-04 | 2.714E-04 0.8719 0.0026 8.576
4 28 60 25.8 2.983E-04 | 2.714E-04 0.8719 0.0026 8.576
5 28 60 25.8 2.983E-04 | 2.714E-04 0.8719 0.0026 8.576
2.962E-04 | 2.694E-04
Reading | Q(cm®) | t(sec) [Temp(°C)] k (crvs) k2o (cmVs) | Temp Factor | Velocity (crvs) | Hyd Gradient
1 23 60 24.8 2.450E-04 | 2.229E-04 0.8929 0.0021 8.576
2 23 60 24.8 2.450E-04 | 2.229E-04 0.8929 0.0021 8.576
3 23 60 24.8 2.450E-04 | 2.229E-04 0.8929 0.0021 8.576
4 23 60 24.8 2.450E-04 | 2.229E-04 0.8929 0.0021 8.576
5 24 60 24.8 2.557E-04 | 2.326E-04 0.8929 0.0022 8.576
2.472E-04 | 2.248E-04
Reading | Q @3) t(sec) |Temp (°C)] k(cmis) koo (CMVs) | Temp Factor | Velocity (cmvs) | Hyd Gradient
1 27 60 25.3 2.876E-04 | 2.617E-04 0.8824 0.0025 8.576
2 26 60 25.3 2.770E-04 | 2.520E-04 0.8824 0.0024 8.576
3 26 60 25.3 2.770E-04 | 2.520E-04 0.8824 0.0024 8.576
4 27 60 25.3 2.876E-04 | 2.617E-04 0.8824 0.0025 8.576
5 26 60 25.3 2.770E-04 | 2.520E-04 0.8824 0.0024 8.576
2.813E-04 | 2.559E-04
Reading | Q(cm®) | t(sec) [Temp(°C)| k(cmis) kzo (cm/S) | Temp Factor | Velocity (crvs) | Hyd Gradient
1 20 60 24.7 2.131E-04 1.938E-04 0.895 0.0018 8.576
2 21 60 24.7 2.237E-04 | 2.035E-04 0.895 0.0019 8.576
3 22 60 24.7 2.344E-04 | 2.132E-04 0.895 0.0020 8.576
4 22 60 24.7 2.344E-04 | 2.132E-04 0.895 0.0020 8.576
5 22 60 24.7 2.344E-04 | 2.132E-04 0.895 0.0020 8.576
2.280E-04 | 2.074E-04
Reading | Q(cm®) | t(sec) [Temp(°C)| k(cmis) koo (cmVs) | Temp Factor | Velocity (cmvs) | Hyd Gradient
1 30 60 23.9 3.196E-04 | 2.921E-04 0.9118 0.0027 8.576
2 30 60 23.9 3.196E-04 | 2.921E-04 0.9118 0.0027 8.576
3 31 60 23.9 3.303E-04 | 3.019E-04 0.9118 0.0028 8.576
4 31 60 239 3.303E-04 | 3.019E-04 0.9118 0.0028 8.576
5 31 60 23.9 3.303E-04 | 3.019E-04 0.9118 0.0028 8.576
3.260E-04 | 2.980E-04
|Avg Perm | 2.511E-04[cmis |
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G) Overnight Saturation Method, Vacuum, and Top Stee| Disk

Trial 1
Reading | Q(cm® | t(sec) {Temp (°C)| k (crmvs) k2o (cnVs) | Temp Factor | Velocity (cmvs) | Hyd Gradient
1 48 60 25.9 5.114E-04 | 4.652E-04 0.8698 0.0044 8.576
2 48 60 25.9 5.114E-04 | 4.652E-04 0.8698 0.0044 8.576
3 47 60 25.9 5.007E-04 | 4.555E-04 0.8698 0.0043 8.576
4 48 60 25.9 5.114E-04 | 4.652E-04 0.8698 0.0044 8.576
5 48 60 25.9 5.114E-04 | 4.652E-04 0.8698 0.0044 8.576
5.092E-04 | 4.633E-04
Reading | Q(cm®) | t(sec) [Temp(°C)| k(cnvs) k2o (cVs) | Temp Factor | Velocity (cm/s) | Hyd Gradient
1 51 60 25.8 5.433E-04 | 4.943E-04 0.8719 0.0047 8.576
2 50 60 25.8 5.327E-04 | 4.846E-04 0.8719 0.0046 8.576
3 50 60 25.8 5.327E-04 | 4.846E-04 0.8719 0.0046 8.576
4 50 60 25.8 5.327E-04 | 4.846E-04 0.8719 0.0046 8.576
5 50 60 25.8 5.327E-04 | 4.846E-04 0.8719 0.0046 8.576
5.348E-04 | 4.865E-04
Reading | Q(cm® | t(sec) |Temp (°C)| k(cm/s) k2o (cmV's) | Temp Factor | Velocity (cnvs) | Hyd Gradient
1 33 60 241 3.516E-04 | 3.198E-04 0.9076 0.0030 8.576
2 32 60 24.1 3.409E-04 | 3.101E-04 0.9076 0.0029 8.576
3 33 60 24.1 3.516E-04 3.198E-04 0.9076 0.0030 8.576
4 33 60 24.1 3.516E-04 3.198E-04 0.9076 0.0030 8.576
5 33 60 241 3.516E-04 3.198E-04 0.9076 0.0030 8.576
3.494E-04 3.179E-04
Reading | Q(cm®) | t(sec) [Temp(°C)| k (cmis) Kz {(cmVs) | Temp Factor | Velocity (cnvs) | Hyd Gradient
1 49 60 24.6 5.220E-04 | 4.749E-04 0.8971 0.0045 8.576
2 48 60 24.6 5.114E-04 | 4.652E-04 0.8971 0.0044 8.576
3 49 60 24.6 5.220E-04 | 4.749E-04 0.8971 0.0045 8.576
4 49 60 24.6 5.220E-04 | 4.749E-04 0.8971 0.0045 8.576
5 49 60 24.6 5.220E-04 | 4.749E-04 0.8971 0.0045 8.576
5.199E-04 | 4.730E-04
Reading | Q(cm® | t(sec) [Temp(°C)| k(cmis) kzo (6mVs) | Temp Factor | Velocity (cmvs) | Hyd Gradient
1 33 60 24.3 3.516E-04 | 3.198E-04 0.9034 0.0030 8.576
2 33 60 24.3 3.516E-04 | 3.198E-04 0.9034 0.0030 8.576
3 33 60 24.3 3.516E-04 | 3.198E-04 0.9034 0.0030 8.576
4 31 60 24.3 3.303E-04 3.004E-04 0.9034 0.0028 8.576
5 32 60 24.3 3.409E-04 3.101E-04 0.9034 0.0029 8.576
3.452E-04 3.140E-04
|Avg Perm T 4.109E-04]cmis ]
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H) Overnight Saturation Method, Vacuum, and Top Porous Stone

Reading | Q(cm®) | t(sec) [Temp(°C)] k(cnvs) ka0 (CVS) | Temp Factor | Velocity (cm/s) | Hyd Gradient
1 325 60 257 3.462E-04 | 3.150E-04 0.874 0.0030 8.576
2 32 60 25.7 3.409E-04 | 3.101E-04 0.874 0.0029 8.576
3 32 60 25.7 3.409E-04 | 3.101E-04 0.874 0.0029 8.576
4 32 60 25.7 3.409E-04 | 3.101E-04 0.874 0.0029 8.576
5 32 60 25.7 3.409E-04 | 3.101E-04 0.874 0.0029 8.576
3.420E-04 | 3.111E-04
Reading | Q(cm®) | t(sec) |Temp(°C)| k(cmis) ka0 (cs) | Temp Factor | Velocity (crvs) | Hyd Gradient
1 53 60 23.5 5.646E-04 | 5.209E-04 0.9204 0.0048 8.576
2 52 60 23.5 5.540E-04 | 5.111E-04 0.9204 0.0048 8.576
3 53 60 23.5 5.646E-04 | 5.209E-04 0.9204 0.0048 8.576
4 53 60 23.5 5.646E-04 | 5.209E-04 0.9204 0.0048 8.576
5 53 60 23.5 5.646E-04 | 5.209E-04 0.9204 0.0048 8.576
5.625E-04 | 5.189E-04
Reading | Q(cm®) | t(sec) [Temp (°C)| k(cmis) k2o (CMVS) | Temp Factor | Velocity (cmvs) | Hyd Gradient
1 45 60 25.1 4.794E-04 | 4.361E-04 0.8866 0.0041 8.576
2 45 60 25.1 4.794E-04 | 4.361E-04 0.8866 0.0041 8.576
3 46 60 25.1 4.901E-04 | 4.458E-04 0.8866 0.0042 8.576
4 45 60 25.1 4.794E-04 | 4.361E-04 0.8866 0.0041 8.576
5 46 60 25.1 4.901E-04 | 4.458E-04 0.8866 0.0042 8.576
4.837E-04 | 4.400E-04
Reading | Q(cm® | t(sec) |Temp(°C)] k (cmis) ka0 (cMVS) | Temp Factor | Velocity (cmvs) | Hyd Gradient
1 39 60 23.7 4.155E-04 | 3.815E-04 0.9161 0.0036 8.576
2 39 60 23.7 4.155E-04 | 3.815E-04 0.9161 0.0036 8.576
3 38 60 23.7 4.048E-04 | 3.718E-04 0.9161 0.0035 8.576
4 38 60 23.7 4.048E-04 | 3.718E-04 0.9161 0.0035 8.576
5 38 60 23.7 4.048E-04 | 3.718E-04 0.9161 0.0035 8.576
4.091E-04 | 3.757E-04
Reading | Q(cm® | t(sec) |Temp (°C)| k(crs) kzo (CMVS) | Temp Factor | Velocity (cmvs) | Hyd Gradient
1 51 60 24.1 5.433E-04 | 4.943E-04 0.9076 0.0047 8.576
2 52 60 24.1 5.540E-04 5.040E-04 0.9076 0.0048 8.576
3 51 60 24.1 5.433E-04 | 4.943E-04 0.9076 0.0047 8.576
4 51 60 241 5.433E-04 | 4.943E-04 0.9076 0.0047 8.576
5 51 60 24.1 5.433E-04 | 4.943E-04 0.9076 0.0047 8.576
5.455E-04 | 4.962E-04

[Avg Perm | 4.284E-04]cm/s |
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Prototype 3 Permeability Results

[ Soit Type | A-2-4 ]

A) 30 Minute Saturation Method, No Vacuum, and Top Steel Disk

Reading | Q(cm®) | t(sec) | Temp(°C) | k(cmvs) | keo(cm/S) | Temp Factor | Velocity (cmis) | Hyd Gradient
1 20 120 23.8 1.065E-04 | 9.760E-05 0.914 0.0009 8.576
2 10 60 23.8 1.065E-04 | 9.760E-05 0.914 0.0009 8.576
3 12 60 23.8 1.278E-04 | 1.171E-04 0.914 0.0011 8.576
4 12 60 23.8 1.278E-04 | 1.171E-04 0.914 0.0011 8.576
5 12 60 23.8 1.278E-04 | 1.171E-04 0.914 0.0011 8.576
1.193E-04 | 1.093E-04
Reading | Q(cm®) | t{(sec) | Temp(°C) | k(cnvs) | kzo(cr/S) | Temp Factor | Velocity (cnvs) | Hyd Gradient
1 12 60 24.2 1.278E-04 | 1.163E-04 0.9055 0.0011 8.576
2 12 60 242 1.278E-04 | 1.163E-04 0.9055 0.0011 8.576
3 11 60 24.2 1.172E-04 | 1.066E-04 0.9055 0.0010 8.576
4 11 60 242 1.172E-04 | 1.066E-04 0.9055 0.0010 8.576
5 12 60 24.2 1.278E-04 | 1.163E-04 0.9055 0.0011 8.576
1.236E-04 | 1.124E-04
Reading | Q(cm®) | t(sec) | Temp (°C) | k(cmis) | Kzo(cm/s) | Temp Factor | Velocity (crvs) Hyd Gradient
1 13 60 237 [ 1.385E-04 [ 1.272E-04] _ 0.9161 0.0012 8.576
2 14 60 23.7 1.492E-04 { 1.370E-04 0.9161 0.0013 8.576
3 13 60 23.7 1.385E-04 | 1.272E-04 0.9161 0.0012 8.576
4 13 60 23.7 1.385E-04 | 1.272E-04 0.9161 0.0012 8.576
5 13 60 23.7 1.385E-04 | 1.272E-04 0.9161 0.0012 8.576
1.406E-04 | 1.291E-04
Reading | Q(cm®) | t(sec) | Temp(°C) | k(cmis) | kzo(cm/s)T Temp Factor Velocity (cm/s) | Hyd Gradient
1 9 60 24.1 0.588E-05 | 8.722E-05] _ 0.9076 0.0008 8.576
2 9 60 24.1 9.588E-05 | 8.722E-05] _ 0.9076 0.0008 8.576
3 10 60 24.1 1.065E-04 | 9.692E-05 0.9076 0.0009 8.576
4 9 60 24.1 9.588E-05 { 8.722E-05 0.9076 0.0008 8.576
5 10 60 241 1.065E-04 | 9.692E-05 0.9076 0.0009 8.576
1.001E-04 | 9.110E-05
Reading | Q(cm®) | t(sec) | Temp(°C) | k(cmis) | keo{cm/s) | Temp Factor | Velocity (cmis) | Hyd Gradient
1 15 60 24.5 1.598E-04 | 1.454E-04 0.8992 0.0014 8.576
2 15 60 24.5 1.598E-04 | 1.454E-04 0.8992 0.0014 8.576
3 14 60 24.5 1.492E-04 | 1.357E-04 0.8992 0.0013 8.576
4 15 60 24.5 1.598E-04 | 1.454E-04 0.8992 0.0014 8.576.
5 15 60 24.5 1.598E-04 | 1.454E-04 0.8992 0.0014 8.576
1.577E-04 | 1.434E-04

|Avg Perm” [ 1.171E-04]cmis
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B) 30 Minute Saturation Method, No Vacuum, and Top Porous Stone

Reading | Q(cm®) | t(sec) | Temp(°C) | k({cm/s) | kao{cnVs) | Temp Factor | Velocity (cmis) | Hyd Gradient
1 25 60 24.8 2.663E-04 | 2.423E-04 0.8929 0.0023 8.576
2 14 30 24.8 2.983E-04 | 2.714E-04 0.8929 - 0.0026 8.576
3 13 30 24.8 2.770E-04 | 2.520E-04 0.8929 0.0024 8.576
4 23 60 24.8 2.450E-04 | 2.229E-04 0.8929 0.0021 8.576
5 24 60 24.8 2.557E-04 | 2.326E-04 0.8929 0.0022 8.576
2.685E-04 { 2.442E-04
Reading | Q(cm®) | t(sec) | Temp (°C) | k(cmis) | kzo(cmVs) | Temp Factor | Velocity (cnvs) [ Hyd Gradient
1 20 60 254 2.131E-04 | 1.938E-04 0.8803 0.0018 8.576
2 18 60 254 1.918E-04 | 1.744E-04 0.8803 0.0016 8.576
3 19 60 25.4 2.024E-04 | 1.841E-04 0.8803 0.0017 8.576
4 21 60 254 2.237E-04 | 2.035E-04 0.8803 0.0019 8.576
5 20 60 25.4 2.131E-04 | 1.938E-04 0.8803 0.0018 8.576
2.088E-04 | 1.900E-04
Reading | Q(cm®) | t(sec) | Temp(°C) | k(cmis) | kzo(cmis) | Temp Factor | Velocity (cmis) | Hyd Gradient
1 20 60 241 [ 2.131E-04 | 1.938E-04] __ 0.9076 0.0018 8576
2 21 30 24.1 4.475E-04 | 4.070E-04] __ 0.9076 0.0038 8.576
3 20 30 241 4.261E-04 | 3.877E-04 0.9076 0.0037 8.576
4 20 60 24 .1 2.131E-04 | 1.938E-04 0.9076 0.0018 8.576
5 20 60 24.1 2.131E-04 | 1.938E-04 0.9076 0.0018 8.576
3.026E-04 | 2.752E-04
Reading | Q(cm®) | t(sec) | Temp (°C) | k(cmis) | kzo(cmVs) | Temp Factor | Velacity (cnvs) | Hyd Gradient
1 27 60 25.3 2.876E-04 | 2.617E-04 0.8824 0.0025 8.576
2 27 60 25.3 2.876E-04 | 2.617E-04 0.8824 0.0025 8.576
3 28 60 25.3 2.983E-04 | 2.714E-04 0.8824 0.0026 8.576
4 27 60 25.3 2.876E-04 | 2.617E-04 0.8824 0.0025 8.576
5 27 60 25.3 2.876E-04 | 2.617E-04 0.8824 0.0025 8.576
2.898E-04 | 2.636E-04
Reading | Q(cm®) | t(sec) | Temp(°C) | k(cmvs) | kxo(cm/s) [ Temp Factor | Velocity (cm/s) [ Hyd Gradient
1 22 60 25.1 2.344E-04 | 2.132E-04] __ 0.8866 0.0020 8,576
2 22 60 25.1 2.344E-04 | 2.132E-04] _ 0.8866 0.0020 8.576
3 23 60 25.1 2.450E-04 | 2.229E-04 0.8866 0.0021 8.576
4 22 60 25.1 2.344E-04 | 2.132E-04 0.8866 0.0020 8.576
5 22 60 25.1 2.344E-04 | 2.132E-04 0.8866 0.0020 8.576
2.365E-04 | 2.152E-04

[Avg Perm T 2.376E-04]cn/s

103



C) 30 Minute

turation Method, Vacuum, and Top Steel Disk

Reading | Q(cm®) | t(sec) | Temp(°C) | k(cmis) | Keo(cVs) [ Temp Factor | Velocity (cmvs) | Hyd Gradient
1 51 120 24.8 2.717E-04 | 2.471E-04 0.8929 0.0023 8.576
2 50 120 24.8 2.663E-04 | 2.423E-04 0.8929 0.0023 8.576
3 52 120 24.8 2.770E-04 | 2.520E-04 0.8929 0.0024 8.576
4 52 120 24.8 2.770E-04 | 2.520E-04 0.8929 0.0024 8.576
5 52 120 24.8 2.770E-04 | 2.520E-04 0.8929 0.0024 8.576
2.738E-04 | 2.491E-04
Reading | Q(cm®) | t(sec) | Temp(°C) | k(cmis) | kzxo(cmis) | Temp Factor | Velocity (cnvs) | Hyd Gradient
1 49 120 243 2.610E-04 | 2.374E-04 0.9034 0.0022 8.576
2 49 120 24.3 2.610E-04 | 2.374E-04 0.9034 0.0022 8.576
3 48 120 243 2.557E-04 { 2.326E-04 0.9034 0.0022 8.576
4 49 120 24.3 2.610E-04 | 2.374E-04 0.9034 0.0022 8.576
5 49 120 24.3 2.610E-04 | 2.374E-04 0.9034 0.0022 8.576
2.599E-04 | 2.365E-04
Reading | Q(cm® | t(sec) | Temp(°C) | k(cm/s) | keo(cm/s) | Temp Factor | Velocity (cmis) | Hyd Gradient
1 23 60 23.0 2.450E-04 | 2.287E-04 0.9311 0.0021 8.576
2 22 60 23.0 2.344E-04 | 2.187E-04 0.9311 0.0020 8.576
3 23 60 23.0 2.450E-04 | 2.287E-04 0.9311 0.0021 8.576
4 23 60 23.0 2.450E-04 | 2.287E-04 0.9311 0.0021 8.576
5 23 60 23.0 2.450E-04 | 2.287E-04 0.9311 0.0021 8.576
2.429E-04 | 2.267E-04
Reading | Q(cm®) | t(sec) | Temp(°C) | k(cmis) | keo(crmVs) | Temp Factor | Velocity (cmvs) | Hyd Gradient
1 26 60 24.5 2.770E-04 | 2.520E-04 0.8992 0.0024 8.576
2 24 60 24.5 2.557E-04 | 2.326E-04 0.8992 0.0022 8.576
3 25 60 24.5 2.663E-04 | 2.423E-04 0.8992 0.0023 8.576
4 25 60 245 2.663E-04 | 2.423E-04 0.8992 0.0023 8.576
5 - 25 60 245 2.663E-04 | 2.423E-04 0.8992 0.0023 8.576
2.663E-04 | 2.423E-04
Reading | Q(cm’®) | t(sec) | Temp (°C) | k(cmis) | kzo(emVs) | Temp Factor | Velocity (cmvs) | Hyd Gradient
1 24 60 23.2 2.557E-04 | 2.375E-04 0.9268 0.0022 8.576
2 24 60 23.2 2.557E-04 | 2.375E-04 0.9268 0.0022 8.576
3 23 60 23.2 2.450E-04 { 2.276E-04 0.9268 0.0021 8.576
4 22 60 23.2 2.344E-04 | 2.177E-04 0.9268 0.0020 8.576
5 23 60 23.2 2.450E-04 | 2.276E-04 0.9268 0.0021 8.576
2.472E-04 { 2.296E-04

{Avg Perm [ 2.368E-04]cnvs
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D) 30 Minute Saturation Method, Vacuum, and Top P s Stone
Reading | Q(cm®) | t(sec) | Temp(°C) [ k(cm/s) | kzo(cVS) | Temp Factor | Velocity (cmis) | Hyd Gradient
1 27 60 243 2.876E-04 | 2.617E-04 0.9034 0.0025 8.576
2 28 60 24.3 2.983E-04 | 2.714E-04 0.9034 0.0026 8.576
3 28 60 243 2.983E-04 | 2.714E-04 0.9034 0.0026 8.576
4 27 60 24.3 2.876E-04 { 2.617E-04 0.9034 0.0025 8.576
5 27 60 24.3 2.876E-04 | 2.617E-04 0.9034 0.0025 8.576
2.919E-04 | 2.656E-04
Reading | Q(cm®) | t(sec) | Temp(°C) [ k(cmvs) | kzo(cm/s) | Temp Factor | Velocity (cmvs) [ Hyd Gradient
1 30 60 25.6 3.196E-04 | 2.907E-04 0.8761 0.0027 8.576
2 31 60 25.6 3.303E-04 | 3.004E-04 0.8761 0.0028 8.576
3 30 60 25.6 3.196E-04 | 2.907E-04 0.8761 0.0027 8.576
4 30 60 25.6 3.196E-04 | 2.907E-04 0.8761 0.0027 8.576
5 31 60 25.6 3.303E-04 | 3.004E-04 0.8761 0.0028 8.576
3.239E-04 | 2.946E-04
Reading | Q(cm®) | t(sec) | Temp (°C) | k(crmis) | kxo{cmVs) [ Temp Factor | Velocity (cm/s) | Hyd Gradient
1 25 60 249 2.663E-04 | 2.423E-04 0.8908 0.0023 8.576
2 24 60 24.9 2.557E-04 | 2.326E-04 0.8908 0.0022 8.576
3 25 60 24.9 2.663E-04 | 2.423E-04 0.8908 0.0023 8.576
4 26 60 24.9 2.770E-04 | 2.520E-04 0.8908 0.0024 8.576
5 25 60 24.9 2.663E-04 | 2.423E-04 0.8908 0.0023 8.576
2.663E-04 | 2.423E-04
Reading | Q(cm®) | t(sec) | Temp(°C) | k(cmis) | keo{cVs) | Temp Factor | Velocity (cmvs) | Hyd Gradient
1 32 60 23.9 3.409E-04 [ 3.116E-04 0.9118 0.0029 8.576
2 32 60 23.9 3.409E-04 | 3.116E-04 0.9118 0.0029 8.576
3 33 60 23.9 3.516E-04 | 3.213E-04 0.9118 0.0030 8.576
4 32 60 23.9 3.409E-04 | 3.116E-04 0.9118 0.0029 8.576
5 33 60 23.9 3.516E-04 | 3.213E-04 0.9118 0.0030 8.576
3.452E-04 | 3.155E-04
Reading | Q(cm®) | t(sec) | Temp (°C) | k(cmi/s) | kzo(Cm/s) | Temp Factor | Velocity (cm/s) | Hyd Gradient
1 25 60 24.6 2.663E-04 | 2.423E-04 0.8971 0.0023 8.576
2 26 60 24.6 2.770E-04 | 2.520E-04 0.8971 0.0024 8.576
3 25 60 24.6 2.663E-04 | 2.423E-04 0.8971 0.0023 8.576
4 26 60 24.6 2.770E-04 | 2.520E-04 0.8971 0.0024 8.576
5 26 60 24.6 2.770E-04 | 2.520E-04 0.8971 0.0024 8.576
2.727E-04 | 2.481E-04

|Avg Perm | 2.732E-04[cnvs
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E) Overnight Saturation Method, No Vacuum, and Top Steel Disk

Trial 1
Reading | Q(cm®) | t(sec) | Temp (°C) | k(cmis) | kao(cVs) | Temp Factor | Velocity (cnvs) | Hyd Gradient
1 16 60 26.3 1.705E-04 | 1.551E-04 0.8614 0.0015 8.576
2 16 60 26.3 1.705E-04 | 1.651E-04 0.8614 0.0015 8.576
3 16 60 26.3 1.705E-04 | 1.551E-04 0.8614 0.0015 8.576
4 15 60 26.3 1.598E-04 | 1.454E-04 0.8614 0.0014 8.576
5 15 60 26.3 1.5698E-04 | 1.454E-04 0.8614 0.0014 8.576
1.662E-04 | 1.512E-04
Reading | Q(cm®) | t(sec) | Temp (°C) | k{cmvs) | kzo{cm/s) | Temp Factor | Velocity (cm/s) | Hyd Gradient
1 18 60 25.8 1.918E-04 | 1.744E-04 0.8719 0.0016 8.576
2 19 60 25.8 2.024E-04 | 1.841E-04 0.8719 0.0017 8.576
3 18 60 25.8 1.918E-04 | 1.744E-04 0.8719 0.0016 8.576
4 18 60 25.8 1.918E-04 | 1.744E-04 0.8719 0.0016 8.576
5 18 60 25.8 1.918E-04 | 1.744E-04 0.8719 0.0016 8.576
1.939E-04 | 1.764E-04
Reading | Q(cm® | t(sec) [ Temp(°C) | k(cmvs) | kao(cn¥/s) | Temp Factor | Velocity (cmi/s) | Hyd Gradient
1 20 60 25.2 2.131E-04 | 1.938E-04 0.8845 0.0018 8.576
2 21 60 25.2 2.237E-04 | 2.035E-04 0.8845 0.0019 8.576
3 20 60 25.2 2.131E-04 | 1.938E-04 0.8845 0.0018 8.576
4 20 60 25.2 2.131E-04 | 1.938E-04 0.8845 0.0018 8.576
5 20 60 25.2 2.131E-04 | 1.938E-04 0.8845 0.0018 8.576
2.152E-04 | 1.958E-04
Reading | Q(cm® | t(sec) | Temp (°C) | k(cmss) | kao{cm/s) | Temp Factor | Velocity (cm/s) | Hyd Gradient
1 15 60 24.7 1.598E-04 | 1.454E-04 0.895 0.0014 8.576
2 15 60 24.7 1.598E-04 | 1.454E-04 0.895 0.0014 8.576
3 16 60 24.7 1.705E-04 | 1.551E-04 0.895 0.0015 8.576
4 16 60 24.7 1.705E-04 | 1.551E-04 0.895 0.0015 8.576
5 16 60 24.7 1.705E-04 | 1.551E-04 0.895 0.0015 8.576
1.662E-04 | 1.512E-04
Reading | Q(cm® | t(sec) | Temp(°C) | k(cmss) | kxo(cmVs) | Temp Factor | Velocity (cmis) | Hyd Gradient
1 13 60 24.6 1.385E-04 | 1.260E-04 0.8971 0.0012 8.576
2 12 60 24.6 1.278E-04 | 1.163E-04 0.8971 0.0011 8.576
3 12 60 24.6 1.278E-04 | 1.163E-04 0.8971 0.0011 8.576
4 13 60 24.6 1.385E-04 | 1.260E-04 0.8971 0.0012 8.576
5 13 60 24.6 1.385E-04 | 1.260E-04 0.8971 0.0012 8.576
1.342E-04 | 1.221E-04

|Avg Perm | 1.593E-04|cm/s

106



F) Overnight Saturation Method, No Vacuum, and Top Porous Stone

Reading | Q(ecm®) | t(sec) | Temp (°C) | k(crvs) | kao(cmis) | Temp Factor | Velocity (cmis) | Hyd Gradient
1 10.5 60 26.3 1.119E-04 | 1.018E-04 0.8614 0.0010 8.576
2 10 60 26.3 1.065E-04 | 9.692E-05 0.8614 0.0009 8.576
3 10 60 26.3 1.065E-04 | 9.692E-05 0.8614 0.0009 8.576
4 10 60 26.3 1.065E-04 | 9.692E-05 0.8614 0.0009 8.576
5 11 60 26.3 1.172E-04 | 1.066E-04 0.8614 0.0010 8.576
1.097E-04 | 9.982E-05
Reading | Q(cm®) [ t(sec) | Temp (°C) [ k(cm/s) | keo(cmVs) | Temp Factor | Velocity (cmis) | Hyd Gradient
1 20 60 25.8 2.131E-04 | 1.938E-04 0.8719 0.0018 8.576
2 18 60 25.8 1.918E-04 | 1.744E-04 0.8719 0.0016 8.576
3 18 60 25.8 1.918E-04 | 1.744E-04 0.8719 0.0016 8.576
4 18 60 25.8 1.918E-04 | 1.744E-04 0.8719 0.0016 8.576
5 18 60 25.8 1.918E-04 | 1.744E-04 0.8719 0.0016 8.576
1.960E-04 | 1.783E-04
Reading | Q(cm®) | t(sec) | Temp (°C) | k(cmis) | kxo(cm/s) | Temp Factor | Velocity (cmis) | Hyd Gradient
1 15 60 26.0 1.598E-04 | 1.454E-04 0.8677 0.0014 8.576
2 16 60 26.0 1.705E-04 | 1.551E-04 0.8677 0.0015 8.576
3 16 60 26.0 1.705E-04 | 1.551E-04 0.8677 0.0015 8.576
4 15 60 26.0 1.598E-04 | 1.454E-04 0.8677 0.0014 8.576
5 16 60 26.0 1.705E-04 | 1.651E-04 0.8677 0.0015 8.576
1.662E-04 | 1.512E-04
Reading | Q(cm®) | t(sec) | Temp (°C) | k(cmis) | kaxo(cmis) [ Temp Factor | Velocity (cmis) | Hyd Gradient
1 12 60 25.3 1.278E-04 | 1.163E-04 0.8824 0.0011 8.576
2 12 60 25.3 1.278E-04 | 1.163E-04 0.8824 0.0011 8.576
3 12 60 25.3 1.278E-04 | 1.163E-04 0.8824 0.0011 8.576
4 11 60 25.3 1.172E-04 | 1.066E-04 0.8824 0.0010 8.576
5 12 60 25.3 1.278E-04 | 1.163E-04 0.8824 0.0011 8.576
1.257E-04 | 1.144E-04
Reading | Q(cm®) | t(sec) | Temp (°C) | k(cmis) | keo(cmVs) | Temp Factor | Velocity (cmis) | Hyd Gradient
1 13 60 25.6 1.385E-04 | 1.260E-04 0.8761 0.0012 8.576
2 14 60 25.6 1.492E-04 | 1.357E-04 0.8761 0.0013 8.576
3 15 60 25.6 1.598E-04 | 1.454E-04 0.8761 0.0014 8.576
4 13 60 25.6 1.385E-04 | 1.260E-04 0.8761 0.0012 8.576
5 14 60 25.6 1.492E-04 | 1.357E-04 0.8761 0.0013 8.576
1.470E-04 | 1.337E-04

|Avg Perm | 1.355E-04]crvs
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G) Overnight Saturation Method, Vacuum, and Top Steel Disk

Reading | Q(cm®) | t(sec) | Temp(°C) | k(cmvs) | keo(c¥s) | Temp Factor | Velocity (cmvs) | Hyd Gradient
1 39 60 25.9 4.155E-04 | 3.780E-04 0.8698 0.0036 8.576
2 38 60 25.9 4.048E-04 { 3.683E-04 0.8698 0.0035 8.576
3 39 60 25.9 4.155E-04 | 3.780E-04 0.8698 0.0036 8.576
4 39 60 25.9 4.155E-04 | 3.780E-04 0.8698 0.0036 8.576
5 39 60 25.9 4.155E-04 | 3.780E-04 0.8698 0.0036 8.576
4.134E-04 | 3.760E-04
Reading | Q(cm®) | t(sec) | Temp(°C) | k(cmvs) | kao{CmVs) | Temp Factor | Velocity (cnvs) | Hyd Gradient
1 41 60 25.8 4.368E-04 | 3.974E-04 0.8719 0.0037 8.576
2 42 60 25.8 4.475E-04 | 4.070E-04 0.8719 0.0038 8.576
3 41 60 25.8 4.368E-04 | 3.974E-04 0.8719 0.0037 8.576
4 41 60 25.8 4.368E-04 | 3.974E-04 0.8719 0.0037 8.576
5 41 60 25.8 4.368E-04 | 3.974E-04 0.8719 0.0037 8.576
4.389E-04 | 3.993E-04
Reading | Q(cm® | t(sec) | Temp(°C) | k(cmis) | kxo(cm/s) | Temp Factor | Velocity (cm/s) | Hyd Gradient
1 37 60 24.2 3.942E-04 | 3.586E-04 0.9055 0.0034 8.576
2 37 60 24.2 3.942E-04 | 3.586E-04 0.9055 0.0034 8.576
3 36 60 24.2 3.835E-04 | 3.489E-04 0.9055 0.0033 8.576
4 37 60 24.2 3.942E-04 | 3.586E-04 0.9055 0.0034 8.576
5 37 60 24.2 3.942E-04 | 3.586E-04 0.9055 0.0034 8.576
3.921E-04 | 3.667E-04
Reading | Q(cm® | t(sec) | Temp(°C) | k(cmi/s) | keo(cmVs) | Temp Factor | Velocity (cmvs) | Hyd Gradient
1 33 60 239 | 3.516E-04 | 3.213E:04] _ 0.9118 0.0030 8.576
2 32 60 239 | 3.400E-04 | 3.116E-04] _ 0.9118 0.0029 8.576
3 33 60 23.9 3.516E-04 | 3.213E-04 0.9118 0.0030 8.576
4 32 60 23.9 3.409E-04 | 3.116E-04 0.9118 0.0029 8.576
5 32 60 23.9 3.409E-04 | 3.116E-04 0.9118 0.0029 8.576
3.452E-04 | 3.155E-04
Reading | Q(cm® | t(sec) | Temp (°C) | k(cnvs) | kxo(cmVs) | Temp Factor | Velocity (cmis) | Hyd Gradient
1 42 60 25.1 2.475E-04 | 4.070E-04] __ 0.8866 0.0038 8.576
2 43 60 25.1 4.581E-04 | 4.167E-04 0.8866 0.0039 8.576
3 42 60 25.1 4.475E-04 | 4.070E-04 0.8866 0.0038 8.576
4 43 60 25.1 4.581E-04 | 4.167E-04 0.8866 0.0039 8.576
5 43 60 25.1 4.581E-04 | 4.167E-04 0.8866 0.0039 8.576
4.538E-04 | 4.129E-04

|Avg Perm | 3.721E-04|cm/s
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H) Overnight Saturation Method, Vacuum, and Top Porous Stone

Reading | Q(cm® | t(sec) | Temp (°C) | k(cmis) | keo(cm/S) | Temp Factor | Velocity (cmis) | Hyd Gradient
1 22 60 25.9 2.344E-04 | 2.132E-04 0.8698 0.0020 8.576
2 22 60 25.9 2.344E-04 | 2.132E-04 0.8698 0.0020 8.576
3 22 60 25.9 2.344E-04 | 2.132E-04 0.8698 0.0020 8.576
4 21 60 25.9 2.237E-04 | 2.035E-04 0.8698 0.0019 8.576
5 22 60 25.9 2.344E-04 | 2.132E-04 0.8698 0.0020 8.576
2.322E-04 | 2.113E-04
Reading | Q(cm®) | t(sec) | Temp (°C) | k(cmis) | keo(cmVS) | Temp Factor | Velocity (cm/s) | Hyd Gradient
1 28 60 23.5 2.983E-04 | 2.752E-04 0.9204 0.0026 8.576
2 28 60 23.5 2.983E-04 | 2.752E-04 0.9204 0.0026 8.576
3 29 60 23.5 3.090E-04 { 2.850E-04 0.9204 0.0026 8.576
4 29 60 23.5 3.090E-04 | 2.850E-04 0.9204 0.0026 8.576
5 28 60 23.5 2.983E-04 | 2.752E-04 0.9204 0.0026 8.576
3.026E-04 | 2.791E-04
Reading | Q(cm®) | t(sec) | Temp(°C) | k(cmis) | keo(cVs) T Temp Factor | Velocity (cmis) | Hyd Gradient
1 31 60 25.3 3.303E-04 | 3.004E-04 0.8824 0.0028 8.576
2 32 60 25.3 3.409E-04 | 3.101E-04 0.8824 0.0029 8.576
3 31 60 25.3 3.303E-04 | 3.004E-04 0.8824 0.0028 8.576
4 32 60 25.3 3.409E-04 | 3.101E-04 0.8824 0.0029 8.576
5 32 60 25.3 3.409E-04 | 3.101E-04 0.8824 0.0029 8.576
3.367E-04 | 3.063E-04
Reading | Q(cm®) | t(sec) | Temp(°C) [ k(cmis) [ kao(cm/s) [ Temp Factor | Velocity (cmi/s) | Hyd Gradient
1 25 60 23.2 2.663E-04 | 2.474E-04 0.9268 0.0023 8.576
2 25 60 23.2 2.663E-04 | 2.474E-04 0.9268 0.0023 8.576
3 26 60 23.2 2.770E-04 | 2.573E-04 0.9268 0.0024 8.576
4 25 60 23.2 2.663E-04 | 2.474E-04 0.9268 0.0023 8.576
5 25 60 23.2 2.663E-04 | 2.474E-04 0.9268 0.0023 8.576
2.685E-04 | 2.494E-04
Reading | Q(cm®) | t(sec) [ Temp(°C) [ k(cmis) | kzo(cnVs) | Temp Factor | Velocity (cmis) | Hyd Gradient
1 32 60 241 | 3.400E-04 | 3.101E.04] _ 0.9076 0.0029 8.576
2 32 60 24.1 3.409E-04 | 3.101E-04 0.9076 0.0029 8.576
3 32 60 24.1 3.409E-04 | 3.101E-04 0.9076 0.0029 8.576
4 31 60 24.1 3.303E-04 | 3.004E-04 0.9076 0.0028 8.576
5 32 60 241 3.409E-04 | 3.101E-04 0.9076 0.0029 8.576
3.388E-04 { 3.082E-04
|Avg Perm | 2.709E-04]crm/s ]
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Current LBR Permeability Results

{ Soil Type |

A-3

J

A) 30 Minute Saturation Method, No Vacuum, and Top Steel Disk

Reading | Q(cm® | t(sec) |Temp (°C)| k(crmis) kzo (CVS) | Temp Factor | Velocity (cnvs) | Hyd Gradient
1 51 180 245 1.811E-04 1.648E-04 0.8992 0.0016 8.576
2 52 180 245 1.847E-04 1.680E-04 0.8992 0.0016 8.576
3 48 180 24.5 1.705E-04 1.551E-04 0.8992 0.0015 8.576
4 49 180 24.5 1.740E-04 1.583E-04 0.8992 0.0015 8.576
5 49 180 24.5 1.740E-04 | 1.583E-04 0.8992 0.0015 8.576
1.769E-04 1.609E-04
Reading | Q(cm® | t(sec) |Temp(°C)| k (cmvs) kzo (CVs) | Temp Factor ] Velocity (cmvs) | Hyd Gradient
1 49 180 24.5 1.740E-04 | 1.583E-04 0.8992 0.0015 8.576
2 48 180 24.5 1.705E-04 1.551E-04 0.8992 0.0015 8.576
3 50 180 24.5 1.776E-04 1.615E-04 0.8992 0.0015 8.576
4 48 180 245 1.705E-04 1.551E-04 0.8992 0.0015 8.576
5 49 180 24.5 1.740E-04 1.583E-04 0.8992 0.0015 8.576
1.733E-04 | 1.577E-04
Reading | Q(cm® | t(sec) [Temp(°C)| k(cms) ka0 (cVs) | Temp Factor | Velocity (cmvs) | Hyd Gradient
1 20 60 25.5 2.131E-04 1.938E-04 0.8782 0.0018 8.576
2 21 60 25.5 2.237E-04 | 2.035E-04 0.8782 0.0019 8.576
3 20 60 25.5 2.131E-04 1.938E-04 0.8782 0.0018 8.576
4 20 60 25.5 2.131E-04 1.938E-04 0.8782 0.0018 8.576
5 21 60 25.5 2.237E-04 | 2.035E-04 0.8782 0.0019 8.576
2.173E-04 1.977E-04
Reading | Q(cm®) | t(sec) [Temp (*C)] k(cnis) ka0 (cnVs) | Temp Factor [ Velocity (cnvs) | Hyd Gradient
1 22 60 25.0 2.344E-04 | 2.132E-04 0.8887 0.0020 8.576
2 23 60 25.0 2.450E-04 | 2.229E-04 0.8887 0.0021 8.576
3 22 60 25.0 2.344E-04 | 2.132E-04 0.8887 0.0020 8.576
4 22 60 25.0 2.344E-04 | 2.132E-04 0.8887 0.0020 8.576
5 22 60 25.0 2.344E-04 | 2.132E-04 0.8887 0.0020 8.576
2.365E-04 | 2.152E-04
Reading | Q(cm®) | t(sec) |[Temp (°C)| k(cmis) kzo (cVs) | Temp Factor | Velocity (cmvs) | Hyd Gradient
1 30 120 24.5 1.598E-04 | 1.454E-04 0.8992 0.0014 8.576
2 30 120 24.5 1.598E-04 1.454E-04 0.8992 0.0014 8.576
3 30 120 24.5 1.598E-04 | 1.454E-04 0.8992 0.0014 8.576
4 31 120 24.5 1.6561E-04 | 1.502E-04 0.8992 0.0014 8.576
5 31 120 24.5 1.651E-04 1.502E-04 0.8992 0.0014 8.576
1.619E-04 | 1.473E-04
|Avg Perm | - 1.757E-04]cmvs |
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B) 30 Minute Saturation Method, No Vacuum, and Top Porous Stone

Reading | Q(cm®) [ t(sec) [Temp(*C)[ k (cms) ka0 (cnVS) | Temp Factor | Velocity (cmvs) | Hyd Gradient
1 27 60 24.0 2.876E-04 | 2.623E-04 0.9097 0.0025 8.576
2 24 60 24.0 2.557E-04 | 2.331E-04 0.9097 0.0022 8.576
3 28 60 24.0 2.983E-04 | 2.720E-04 0.9097 0.0026 8.576
4 27 60 24.0 2.876E-04 | 2.623E-04 0.9097 0.0025 8.576
5 28 60 24.0 2.983E-04 | 2.720E-04 0.9097 0.0026 8.576
2.855E-04 | 2.603E-04
Reading | Q(cm®) | t(sec) [Temp(°C)] k (cm/s) k2o (cmVs) | Temp Factor [ Velocity (cmvs) | Hyd Gradient
1 15 60 26.0 1.598E-04 | 1.454E-04 0.8677 0.0014 8.576
2 40 180 26.0 1.420E-04 | 1.292E-04 0.8677 0.0012 8.576
3 28 120 26.0 1.492E-04 | 1.357E-04 0.8677 0.0013 8.576
4 15 60 26.0 1.598E-04 1.454E-04 0.8677 0.0014 8.576
5 15 60 26.0 1.598E-04 1.454E-04 0.8677 0.0014 8.576
1.541E-04 1.402E-04
Reading | Q(cm®) | t(sec) [Temp (°C)| k(cvs) koo (cVS) | Temp Factor | Velocity (crmvs) | Hyd Gradient
1 22 60 24.0 2.344E-04 | 2.137E-04 0.9097 0.0020 8.576
2 23 60 24.0 2.450E-04 | 2.234E-04 0.9097 0.0021 8.576
3 22 60 24.0 2.344E-04 | 2.137E-04 0.9097 0.0020 8.576
4 22 60 24.0 2.344E-04 | 2.137E-04 0.9097 0.0020 8.576
5 24 60 24.0 2.557E-04 | 2.331E-04 0.9097 0.0022 8.576
2.408E-04 | 2.195E-04
Reading | Q(cm®) | t(sec) [Temp (°C)| k (crvs) k2o (cv's) | Temp Factor | Velocity (cvs) | Hyd Gradient
=
1 33 120 25.0 1.758E-04 1.599E-04 0.8887 0.0015 8.576
2 33 120 25.0 1.758E-04 1.599E-04 0.8887 0.0015 8.576
3 34 120 25.0 1.811E-04 | 1.648E-04 0.8887 0.0016 8.576
4 32 120 25.0 1.705E-04 1.551E-04 0.8887 0.0015 8.576
5 34 120 25.0 1.811E-04 1.648E-04 0.8887 0.0016 8.576
1.769E-04 | 1.609E-04
Reading | Q(cm®) | t{sec) [Temp(°C)] k(cm/s) k2o (cnV's) | Temp Factor | Velocity (cnvs) | Hyd Gradient
1 25 60 24.6 2.663E-04 | 2.423E-04 0.8971 0.0023 8.576
2 25 60 24.6 2.663E-04 | 2.423E-04 0.8971 0.0023 8.576
3 25 60 24.6 2.663E-04 | 2.423E-04 0.8971 0.0023 8.576
4 26 60 24.6 2.770E-04 | 2.520E-04 0.8971 0.0024 8.576
5 26 60 24.6 2.770E-04 | 2.520E-04 0.8971 0.0024 8.576
2.706E-04 | 2.462E-04
[Avg Perm — T 2.054E-04]cmvs ]
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C) 30 Minute Saturation Method, Vacuum, and Top Steel Disk
Reading | Q(cm®) | t(sec) {Temp(°C)| k(cms) ka0 (cVs) | Temp Factor [ Velocity (cnvs) | Hyd Gradient
1 25 60 25.3 2.663E-04 | 2.423E-04 0.8824 0.0023 8.576
2 26 60 25.3 2.770E-04 | 2.520E-04 0.8824 0.0024 8.576
3 26 60 25.3 2.770E-04 | 2.520E-04 0.8824 0.0024 8.576
4 23 60 25.3 2.450E-04 | 2.229E-04 0.8824 0.0021 8.576
5 25 60 25.3 2.663E-04 | 2.423E-04 0.8824 0.0023 8.576
2.663E-04 | 2.423E-04
Reading | Q(cm® | t(sec) [Temp(°C)| k(cmvs) kao (cV's) | Temp Factor | Velocity (cnvs) | Hyd Gradient
1 23 60 24.9 2.450E-04 | 2.229E-04 0.8908 0.0021 8.576
2 24 60 249 2.557E-04 | 2.326E-04 0.8908 0.0022 8.576
3 23 60 249 2.450E-04 | 2.229E-04 0.8908 0.0021 8.576
4 23 60 24.9 2.450E-04 | 2.229E-04 0.8908 0.0021 8.576
5 23 60 24.9 2.450E-04 | 2.229E-04 0.8908 0.0021 8.576
2.472E-04 | 2.248E-04
Reading | Q(cm®) | t(sec) |Temp(°C)] k(cnvs) ko {cmV/s) | Temp Factor | Velocity (cmvs) | Hyd Gradient
1 30 60 25.0 3.196E-04 | 2.907E-04 0.8887 0.0027 8.576
2 31 60 25.0 3.303E-04 | 3.004E-04 0.8887 0.0028 8.576
3 31 60 25.0 3.303E-04 | 3.004E-04 0.8887 0.0028 8.576
4 30 60 25.0 3.196E-04 | 2.907E-04 0.8887 0.0027 8.576
5 30 60 25.0 3.196E-04 | 2.907E-04 0.8887 0.0027 8.576
3.239E-04 | 2.946E-04
Reading | Q(cm®) | t(sec) [Temp(°C)| k(cnms) kao (cVS) | Temp Factor | Velocity (cmvs) | Hyd Gradient
1 38 60 24.7 4.048E-04 | 3.683E-04 0.895 0.0035 8.576
2 39 60 24.7 4.155E-04 | 3.780E-04 0.895 0.0036 8.576
3 40 60 24.7 4.261E-04 | 3.877E-04 0.895 0.0037 8.576
4 39 60 24.7 4.155E-04 | 3.780E-04 0.895 0.0036 8.576
5 38 60 24.7 4.048E-04 | 3.683E-04 0.895 0.0035 8.576
4.134E-04 | 3.760E-04
Reading | Q(cm®) | t(sec) |{Temp("C)[ k(cmis) kzo (cmVs) | Temp Factor | Velocity (cnvs) | Hyd Gradient
1 27 60 252 | 2.876E-04 | 2.617E-04 | 0.8845 0.0025 8.576
2 27 60 25.2 2.876E-04 | 2.617E-04 0.8845 0.0025 8.576
3 29 60 25.2 3.090E-04 | 2.811E-04 0.8845 0.0026 8.576
4 28 60 25.2 2.983E-04 | 2.714E-04 0.8845 0.0026 8.576
5 27 60 25.2 2.876E-04 | 2.617E-04 0.8845 0.0025 8.576
2.940E-04 | 2.675E-04
|Avg Perm | 2.811E-04]cmvs |
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D) 30 Minute Saturation Method, Vacuum, and Top Porous Stone

Reading | Q(cm®) | t(sec) |Temp(°C)] k(cmis) ka0 (CVS) | Temp Factor | Velocity (cnvs) | Hyd Gradient
1 34 60 23.6 3.622E-04 | 3.334E-04 0.9183 0.0031 8.576
2 35 60 23.6 3.720E-04 | 3.432E-04 0.9183 0.0032 8.576
3 35 60 23.6 3.729E-04 | 3.432E-04 0.9183 0.0032 8.576
4 35 60 23.6 3.729E-04 | 3.432E-04 0.9183 0.0032 8.576
5 34 60 23.6 3.622E-04 | 3.334E-04 0.9183 0.0031 8.576
3.686E-04 | 3.393E-04
Reading | Q(cm®) | t(sec) |Temp(°C)| k(cmis) kao (cVs) | Temp Factor | Velocity (cmvs) | Hyd Gradient
1 33 60 23.8 3.516E-04 | 3.221E-04 0.914 0.0030 8.576
2 34 60 23.8 3.622E-04 | 3.318E-04 0.914 0.0031 8.576
3 33 60 23.8 3.516E-04 | 3.221E-04 0.914 0.0030 8.576
4 32 60 23.8 3.409E-04 | 3.123E-04 0.914 0.0029 8.576
5 34 60 23.8 3.622E-04 | 3.318E-04 0.914 0.0031 8.576
3.537E-04 | 3.240E-04
Reading | Q(cm®) | t(sec) {Temp (°C)| k (crs) ka0 (€MVs) | Temp Factor | Velocity (cmvs) | Hyd Gradient
1 39 60 23.7 4.155E-04 | 3.815E-04 0.9161 0.0036 8.576
2 40 60 23.7 4.261E-04 | 3.913E-04 0.9161 0.0037 8.576
3 38 60 23.7 4.048E-04 | 3.718E-04 0.9161 0.0035 8.576
4 40 60 23.7 4.261E-04 3.913E-04 0.9161 0.0037 8.576
5 39 60 23.7 4.155E-04 3.815E-04 0.9161 0.0036 8.576
4.176E-04 3.835E-04
Reading | Q(ecm®) | t(sec) [Temp(°C)| k(crvs) koo (cMVs) | Temp Factor | Velocity (cnvs) | Hyd Gradient
1 29 60 24.0 3.090E-04 | 2.817E-04 0.9097 0.0026 8.576
2 30 60 24.0 3.196E-04 | 2.914E-04 0.9097 0.0027 8.576
3 29 60 24.0 3.090E-04 | 2.817E-04 0.9097 0.0026 8.576
4 29 60 240 3.090E-04 | 2.817E-04 0.9097 0.0026 8.576
5 30 60 24.0 3.196E-04 | 2.914E-04 0.9097 0.0027 8.576
3.132E-04 | 2.856E-04
Reading | Q(cm® | t(sec) |Temp(°C)| k(cmis) Kz (CM/s) | Temp Factor [ Velocity (cnvs) | Hyd Gradient
1 42 60 24.2 4.475E-04 | 4.070E-04 0.9055 0.0038 8.576
2 40 60 24.2 4.261E-04 | 3.877E-04 0.9055 0.0037 8.576
3 41 60 24.2 4.368E-04 | 3.974E-04 0.9055 0.0037 8.576
4 40 60 24.2 4.261E-04 3.877E-04 0.9055 0.0037 8.576
5 40 60 24.2 4.261E-04 3.877E-04 0.9055 0.0037 8.576
4.325E-04 3.935E-04

|Avg Perm | 3.452E-04]cmvs
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E) Overnight Saturation Method, No Vacuum, and Top Steel Disk
Reading | Q(cm®) | t(sec) [Temp(°C)| k(cns) kzo (CVs) | Temp Factor | Velocity (crvs) | Hyd Gradient
1 11 120 25.5 5.860E-05 | 5.330E-05 0.8782 0.0005 8.576
2 7 60 25.5 7.458E-05 | 6.784E-05 0.8782 0.0006 8.576
3 7 60 25.5 7.458E-05 | 6.784E-05 0.8782 0.0006 8.576
4 7 60 25.5 7.458E-05 | 6.784E-05 0.8782 0.0006 8.576
5 7 60 25.5 7.458E-05 | 6.784E-05 0.8782 0.0006 8.576
7.138E-05 | 6.493E-05
Reading | Q(cm®) | t(sec) |Temp(°C)| k (cnvs) keo(cMVS) | Temp Factor | Velocity (cmis) | Hyd Gradient
1 20 60 24.3 2.131E-04 | 1.938E-04 0.9034 0.0018 8.576
2 18 60 24.3 1.918E-04 | 1.744E-04 0.9034 0.0016 8.576
3 18 60 24.3 1.918E-04 | 1.744E-04 0.9034 0.0016 8.576
4 18 60 24.3 1.918E-04 | 1.744E-04 0.9034 0.0016 8.576
5 18 60 24,3 1.918E-04 | 1.744E-04 0.9034 0.0016 8.576
1.960E-04 1.783E-04
Reading | Q(cm®) [ t(sec) [Temp (°C)| k (cnvs) k2o (CMVS) | Temp Factor | Velocity (cvs) | Hyd Gradient
1 18 120 25.0 9.588E-05 | 8.722E-05 0.8887 0.0008 8.576
2 18 120 25.0 9.588E-05 | 8.722E-05 0.8887 0.0008 8.576
3 19 120 25.0 1.012E-04 | 9.207E-05 0.8887 0.0009 8.576
4 19 120 25.0 1.012E-04 | 9.207E-05 0.8887 0.0009 8.576
5 19 120 25.0 1.012E-04 | 9.207E-05 0.8887 0.0009 8.576
9.908E-05 | 9.013E-05
Reading | Q(cm® | t(sec) [Temp(°C)| k (cmvs) ko (cMVS) | Temp Factor | Velocity (cnvs) | Hyd Gradient
1 26 120 24.8 1.385E-04 1.260E-04 0.8929 0.0012 8.576
2 25 120 24.8 1.332E-04 1.211E-04 0.8929 0.0011 8.576
3 26 120 24.8 1.385E-04 1.260E-04 0.8929 0.0012 8.576
4 26 120 24.8 1.385E-04 1.260E-04 0.8929 0.0012 8.576
5 25 120 248 1.332E-04 1.211E-04 0.8929 0.0011 8.576
1.364E-04 | 1.241E-04
Reading | Q(cm®) | t{sec) [Temp (°C)| k(cmis) k2o (cMVS) | Temp Factor | Velocity (cmvs) | Hyd Gradient
7 20 60 252 | 2.131E-04 | 1.938E-04 | 0.8845 0.0018 8576
2 20 60 25.2 2.131E-04 1.938E-04 0.8845 0.0018 8.576
3 21 60 25.2 2.237E-04 | 2.035E-04 0.8845 0.0019 8.576
4 21 60 25.2 2.237E-04 | 2.035E-04 0.8845 0.0019 8.576
5 20 60 25.2 2.131E-04 1.938E-04 0.8845 0.0018 8.576
2.173E-04 1.977E-04
[Avg Perm | 1.310E-04]crvs |
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F) Overnight Saturation Method, No Vacuum, and Top Porous Stone

Reading | Q(cm®) | t(sec) [Temp(°C)| k (cmis) keo (CVS) | Temp Factor [ Velocity (cnv's) | Hyd Gradient
1 46 180 25.0 1.634E-04 1.486E-04 0.8887 0.0014 8.576
2 32 120 25.0 1.705E-04 | 1.551E-04 0.8887 0.0015 8.576
3 17 60 25.0 1.811E-04 | 1.648E-04 0.8887 0.0016 8.576
4 17 60 25.0 1.811E-04 | 1.648E-04 0.8887 0.0016 8.576
5 17 60 25.0 1.811E-04 1.648E-04 0.8887 0.0016 8.5676
1.754E-04 1.596E-04
Reading | Q(cm®) | t(sec) [Temp (°C)[ k (crs) ka0 (cmV's) | Temp Factor | Velocity (cmvs) | Hyd Gradient
1 18 60 24.8 1.918E-04 | 1.744E-04 0.8929 0.0016 8.576
2 19 60 24.8 2.024E-04 | 1.841E-04 0.8929 0.0017 8.576
3 18 60 24.8 1.918E-04 1.744E-04 0.8929 0.0016 8.576
4 18 60 24.8 1.918E-04 | 1.744E-04 0.8929 0.0016 8.576
5 18 60 24.8 1.918E-04 1.744E-04 0.8929 0.0016 8.576
1.939E-04 1.764E-04
Reading | Q(cm®) | t(sec) |Temp (°C)| k(crvs) k2o (cVs) | Temp Factor [ Velocity (cm/s) | Hyd Gradient
1 50 180 25.3 1.776E-04 1.615E-04 0.8824 0.0015 8.576
2 51 180 25.3 1.811E-04 | 1.648E-04 0.8824 0.0016 8.576
3 50 180 25.3 1.776E-04 | 1.615E-04 0.8824 0.0015 8.576
4 51 180 25.3 1.811E-04 | 1.648E-04 0.8824 0.0016 8.576
5 50 180 25.3 1.776E-04 1.615E-04 0.8824 0.0015 8.576
1.790E-04 1.628E-04
Reading | Q(cm® | t(sec) |Temp (°C)| k(cnvs) k2o (€Vs) | Temp Factor | Velocity (cnvs) | Hyd Gradient
1 20 60 24.7 2.131E-04 1.938E-04 0.895 0.0018 8.576
2 21 60 24.7 2.237E-04 | 2.035E-04 0.895 0.0019 8.576
3 21 60 24.7 2.237E-04 | 2.035E-04 0.895 0.0019 8.576
4 22 60 24.7 2.344E-04 | 2.132E-04 0.895 0.0020 8.576
5 20 60 24.7 2.131E-04 1.938E-04 0.895 0.0018 8.576
2.216E-04 | 2.016E-04
Reading | Q(cm®) | t(sec) |Temp (°C)| k (cms) k2o (cmV's) | Temp Factor | Velocity (cm/s) | Hyd Gradient
1 34 120 23.9 1.811E-04 1.665E-04 0.9118 0.0016 8.576
2 33 120 23.9 1.768E-04 1.607E-04 0.9118 0.0015 8.576
3 34 120 23.9 1.811E-04 1.655E-04 0.9118 0.0016 8.576
4 34 120 23.9 1.811E-04 | 1.655E-04 0.9118 0.0016 8.576
5 33 120 23.9 1.758E-04 1.607E-04 0.9118 0.0015 8.576
1.790E-04 1.636E-04
[Avg Perm | 1.728E-04]cnvs ]
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G) Overnight Saturation Method, Vacuum, and Top Steel Disk

Reading | Q(cm®) | t(sec) [Temp(°C)| k(cs) ka0 (CVs) | Temp Factor | Velocity (cm/s) | Hyd Gradient
1 48 60 255 5.114E-04 | 4.652E-04 0.8782 0.0044 8.576
2 48 60 25.5 5.114E-04 | 4.652E-04 0.8782 0.0044 8.576
3 49 60 25.5 5.220E-04 | 4.749E-04 0.8782 0.0045 8.576
4 49 60 25.5 5.220E-04 | 4.749E-04 0.8782 0.0045 8.5676
5 49 60 25.5 5.220E-04 | 4.749E-04 0.8782 0.0045 8.576
5.178E-04 | 4.710E-04
Reading | Q(cm® | t(sec) [Temp (°C)| k(cnvs) ka0 (cVs) | Temp Factor | Velocity (cnvs) | Hyd Gradient
1 30 60 25.3 3.196E-04 | 2.907E-04 0.8824 0.0027 8.576
2 31 60 25.3 3.303E-04 | 3.004E-04 0.8824 0.0028 8.576
3 30 60 25.3 3.196E-04 | 2.907E-04 0.8824 0.0027 8.576
4 30 60 25.3 3.196E-04 | 2.907E-04 0.8824 0.0027 8.576
5 30 60 25.3 3.196E-04 | 2.907E-04 0.8824 0.0027 8.576
3.217E-04 | 2.927E-04
Reading | Q(cm®) | t(sec) {Temp (°C)| k (cmis) Kz (CnVs) | Temp Factor | Velocity (cmvs) | Hyd Gradient
1 55 120 24.9 2.930E-04 | 2.665E-04 0.8908 0.0025 8.576
2 50 120 24.9 2.663E-04 | 2.423E-04 0.8908 0.0023 8.576
3 52 120 24.9 2.770E-04 | 2.520E-04 0.8908 0.0024 8.576
4 52 120 24.9 2.770E-04 | 2.520E-04 0.8908 0.0024 8.576
5 53 120 24.9 2.823E-04 | 2.568E-04 0.8908 0.0024 8.576
2.791E-04 | 2.539E-04
Reading | Q(cm® | t(sec) [Temp(°C)| k(cns) kzo (crVs) | Temp Factor | Velocity (cmvs) | Hyd Gradient
1 40 60 25.1 4.261E-04 | 3.877E-04 0.8866 0.0037 8.576
2 42 60 25.1 4.475E-04 | 4.070E-04 0.8866 0.0038 8.576
3 40 60 25.1 4.261E-04 | 3.877E-04 0.8866 0.0037 8.576
4 41 60 25.1 4.368E-04 | 3.974E-04 0.8866 0.0037 8.576
5 40 60 25.1 4.261E-04 | 3.877E-04 0.8866 0.0037 8.576
4.325E-04 | 3.935E-04
Reading | Q(cm® | t(sec) |Temp (°C){ k(cmis) k2o (Cr1VS) | Temp Factor | Velocity (cm/s) | Hyd Gradient
1 39 60 24.7 4.155€-04 | 3.780E-04 0.895 0.0036 8.576
2 38 60 24.7 4.048E-04 | 3.683E-04 0.895 0.0035 8.576
3 39 60 24.7 4.155E-04 | 3.780E-04 0.895 0.0036 8.576
4 39 60 24.7 4.155E-04 | 3.780E-04 0.895 0.0036 8.576
5 39 60 24.7 4.155E-04 | 3.780E-04 0.895 0.0036 8.576
4.134E-04 | 3.760E-04
|Avg Perm | 3.574E-04]cnv/s
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H) Overnight Sat

tion Method, Vacuum, and Top Porous Stone

Reading | Q(cm®) | t(sec) |Temp (°C)| k(cmis) k2o (CMVs) | Temp Factor | Velocity (cm/s) | Hyd Gradient
1 35 60 24.7 3.729E-04 | 3.392E-04 0.895 0.0032 8.376
2 37 60 247 3.942E-04 | 3.586E-04 0.895 0.0034 8.576
3 34 60 247 3.622E-04 | 3.295E-04 0.895 0.0031 8.576
4 35 60 24.7 3.729E-04 | 3.392E-04 0.895 0.0032 8.576
5 35 60 24.7 3.729E-04 | 3.392E-04 0.895 0.0032 8.576
3.750E-04 | 3.411E-04
Reading | Q(cm® [ t(sec) [Temp (°C)[ k(cmis) kzo(cm/s) | Temp Factor | Velocity (cnvs) | Hyd Gradient
1 35 60 22.3 3.729E-04 | 3.537E-04 0.9465 0.0032 8.576
2 33 60 22.3 3.516E-04 | 3.335E-04 0.9465 0.0030 8.576
3 35 60 22.3 3.729E-04 | 3.537E-04 0.9465 0.0032 8.576
4 35 60 22.3 3.729E-04 | 3.537E-04 0.9465 0.0032 8.576
5 35 60 22.3 3.729E-04 | 3.537E-04 0.9465 0.0032 8.576
3.686E-04 | 3.497E-04
Reading | Q(em®) | t(sec) |Temp (°C){ k (cvs) ka0 (cVs) | Temp Factor | Velocity (cnvs) | Hyd Gradient
1 50 60 24.3 5.327E-04 | 4.846E-04 0.9034 0.0046 8.576
2 51 60 24.3 5.433E-04 | 4.943E-04 0.9034 0.0047 8.576
3 52 60 24.3 5.540E-04 | 5.040E-04 0.9034 0.0048 8.576
4 50 60 24.3 '5.327E-04 | 4.846E-04 | - 0.9034 0.0046 8.576
5 50 60 24.3 5.327E-04 | 4.846E-04 0.9034 0.0046 8.576
5.391E-04 | 4.904E-04
Reading | Q(em®) | t(sec) {Temp(°C)| k(cms) kzo{cmVs) | Temp Factor | Velocity (cmvs) | Hyd Gradient
1 42 60 22.7 4.475E-04 | 4.206E-04 0.9377 0.0038 8.576
2 42 60 22.7 4.475E-04 | 4.206E-04 0.9377 0.0038 8.576
3 41 60 22.7 4.368E-04 | 4.105E-04 0.9377 0.0037 8.576
4 42 60 22.7 4.475E-04 | 4.206E-04 0.9377 0.0038 8.576
5 41 60 22.7 4.368E-04 | 4.105E-04 0.9377 0.0037 8.576
4.432E-04 | 4.166E-04
Reading | Q(cm®) | t(sec) [Temp (°C)| k(crvs) kzo (cMVs) | Temp Factor [ Velocity (cmvs) | Hyd Gradient
1 48 60 23.1 5.114E-04 | 4.761E-04 0.929 0.0044 8.576
2 48 60 23.1 5.114E-04 | 4.761E-04 0.929 0.0044 8.576
3 49 60 23.1 5.220E-04 | 4.861E-04 0.929 0.0045 8.576
4 49 60 23.1 5.220E-04 | 4.861E-04 0.929 0.0045 8.576
5 49 60 23.1 5.220E-04 | 4.861E-04 0.929 0.0045 8.576
5.178E-04 | 4.821E-04
|Avg Perm | 4.160E-04]cnvs ]
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Prototype 3 Permeability Results

I Soil Type |

A-3

A) 30 Minute Saturation Method, No Vacuum, and Top Steel Disk

Reading | Q(cm®) | t(sec) | Temp (°C) | k(cmi/s) | kxo{cmis) | Temp Factor | Velocity (cmis) | Hyd Gradient
1 24 150 24.5 1.023E-04 | 9.304E-05 0.8992 0.0009 8.5=76
2 25 150 24.5 1.065E-04 | 9.692E-05 0.8992 0.0009 8.576
3 41 240 245 1.092E-04 | 9.934E-05 0.8992 0.0009 8.576
4 24 150 24.5 1.023E-04 | 9.304E-05 0.8992 0.0009 8.5676
5 24 150 24.5 1.023E-04 | 9.304E-05 0.8992 0.0009 8.576
1.045E-04 { 9.507E-05
Reading | Q(cm®) | t(sec) [ Temp(°C) | k(cmis) | kzo(cmVs) | Temp Factor | Velocity (cm/s) | Hyd Gradient
1 36 190 24.5 1.211E-04 | 1.102E-04 0.8992 0.0010 8.577:6
2 38 200 24.5 1.215E-04 | 1.105E-04 0.8992 0.0010 8.576
3 28 150 24.5 1.193E-04 | 1.085E-04 0.8992 0.0010 8.576
4 33 180 24.5 1.172E-04 | 1.066E-04 0.8992 0.0010 8.576
5 36 195 24.5 1.180E-04 | 1.074E-04 0.8992 0.0010 8.576
1.194E-04 | 1.086E-04
Reading | Q(cm®) | t(sec) | Temp (°C) [ k(crmis) | kao(cmVs) | Temp Factor | Velocity (cmvs) | Hyd Gradient
1 12 60 23.5 1.278E-04 | 1.179E-04 0.9204 0.0011 8.576
2 12 60 23.5 1.278E-04 | 1.179E-04 0.9204 0.0011 8.576
3 12 60 23.5 1.278E-04 | 1.179E-04 0.9204 0.0011 8.576
4 14 60 23.5 1.492E-04 | 1.376E-04 0.9204 0.0013 8.576
5 13 60 23.5 1.385E-04 | 1.278E-04 0.9204 0.0012 8.576
1.342E-04 | 1.238E-04
Reading | Q(cm®) | t(sec) | Temp (°C) | k{(cmis) | keo(c¥s) | Temp Factor | Velocity (cm/s) | Hyd Gradient
1 10 60 24.0 1.065E-04 | 9.714E-05 0.9097 0.0009 8.576
2 11 60 24.0 1.172E-04 | 1.069E-04 0.9097 0.0010 8.576
3 11 60 24.0 1.172E-04 | 1.069E-04 0.9097 0.0010 8.576
4 12 60 24.0 1.278E-04 | 1.166E-04 0.9097 0.0011 8.576
5 10 60 24.0 1.065E-04 | 9.714E-05 0.9097 0.0009 8.576
1.151E-04 | 1.049E-04
Reading | Q(cm®) | t(sec) | Temp (°C) | k{cm/s) | kzo{cm/s) | Temp Factor | Velocity (cmis) | Hyd Gradient
1 15 60 245 | 1.508E-04 | 1.454E-04] _ 0.8992 0.0014 8.576
2 16 60 24.5 1.705E-04 { 1.551E-04 0.8992 0.0015 8.6576
3 16 60 24.5 1.705E-04 | 1.551E-04 0.8992 0.0015 8.576
4 16 60 245 1.705E-04 | 1.651E-04 0.8992 0.0015 8.576
5 17 60 24.5 1.811E-04 | 1.648E-04 0.8992 0.0016 8.576
1.705E-04 | 1.551E-04

|Avg Perm T 1.175E-04]cr/s
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B) 30 Minute Saturation Method, No Vacuum, and Top Porous Stone

Reading | Q(cm®) | t(sec) | Temp(°C) | k(cm/s) | Kao(crVs) | Temp Factor | Velocity (cm/s) | Hyd Gradient
1 24 120 25.0 1.278E-04 | 1.163E-04 0.8887 0.0011 8.576
2 49 240 25.0 1.305E-04 | 1.187E-04 0.8887 0.0011 8.676
3 23 120 25.0 1.225E-04 | 1.115E-04 0.8887 0.0011 8.576
4 24 120 25.0 1.278E-04 | 1.163E-04 0.8887 0.0011 8.576
5 24 120 25.0 1.278E-04 | 1.163E-04 0.8887 0.0011 8.576
1.273E-04 | 1.158E-04
“Reading | Ocm® | tisec) ) Temp{°C) ) kicmis) ) kwlcWs) ) Temp Factor | Velocity cms) | Hyo Gradient )
1 24 120 24.8 1.278E-04 | 1.163E-04 0.8929 0.0011 8.576
2 48 240 24.8 1.278E-04 | 1.163E-04 0.8929 0.0011 8.576
3 16 150 24.8 6.818E-05 | 6.203E-05 0.8929 0.0006 8.576
4 18 150 24.8 7.671E-05 | 6.978E-05 0.8929 0.0007 8.576
5 18 150 24.8 7.671E-05 | 6.978E-05 0.8929 0.0007 8.576
9.546E-05 | 8.684E-05
Reading | Q(cm®) | t(sec) | Temp(°C) | k(cmis) | kao(cnVs) | Temp Factor | Velocity (cmvs) | Hyd Gradient
1 13 60 24.7 1.385E-04 | 1.260E-04 0.895 0.0012 8.576
2 15 60 24.7 1.598E-04 | 1.454E-04 0.895 0.0014 8.576
3 12 60 24.7 1.278E-04 | 1.163E-04 0.895 0.0011 8.576
4 13 60 24.7 1.385E-04 | 1.260E-04 0.895 0.0012 8.576
5 14 60 24.7 1.492E-04 | 1.357E-04 0.895 0.0013 8.576
1.428E-04 | 1.299E-04
Reading | Q(cm®) | t(sec) | Temp(°C) | k(cnvs) | kxo(cm/s) [ Temp Factor | Velocity (cm/s) | Hyd Gradient
1 20 120 23.6 1.065E-04 | 9.806E-05 0.9183 0.0009 8.576
2 19 120 23.6 1.012E-04 | 9.315E-05 0.9183 0.0009 8.576
3 19 120 23.6 1.012E-04 | 9.315E-05 0.9183 0.0009 8.576
4 21 120 23.6 1.119E-04 | 1.030E-04 0.9183 0.0010 8.576
5 '+ 20 120 23.6 1.065E-04 | 9.806E-05 0.9183 0.0009 8.576
1.055E-04 | 9.708E-05
Reading | Q(cm® | t(sec) | Temp (°C) | k(cms) | kxo(cmVs) | Temp Factor | Velocity (cm/s) | Hyd Gradient
1 22 120 24.2 1.172E-04 | 1.066E-04 0.9055 0.0010 8.576
2 22 120 24.2 1.172E-04 | 1.066E-04 0.9055 0.0010 8.576
3 22 120 24.2 1.172E-04 | 1.066E-04 0.9055 0.0010 8.576
4 23 120 24.2 1.225E-04 | 1.115E-04 0.9055 0.0011 8.576
5 22 120 24.2 1.172E-04 | 1.066E-04 0.9055 0.0010 8.576
1.183E-04 | 1.076E-04

|Avg Perm | 1.074E-04|cm/s
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C) 30 Minute Saturation Method, Vacuum, and Top Steel Disk

Reading | Q(cm®) [ t(sec) | Temp ("C) | k(cmis) [ keo(cnVs) | Temp Factor | Velocity (cnis) Hyd Gradient
1 20 60 24.8 2.131E-04 | 1.938E-04 0.8929 0.0018 8.576
2 19 60 24.8 2.024E-04 | 1.841E-04 0.8929 0.0017 8.576
3 18 60 24.8 1.918E-04 | 1.744E-04 0.8929 0.0016 8.576
4 20 60 24.8 2.131E-04 | 1.938E-04 0.8929 0.0018 8.576
5 21 60 24.8 2.237E-04 | 2.035E-04 0.8929 0.0019 8.576
2.088E-04 | 1.900E-04
_Reading | Q(cm®) | t(sec) | Temp(°C) | k(cm/s) [ kzo(cmV/s) | Temp Factor | Velocity (crvs) Hyd Gradient
1 36 120 24.5 1.918E-04 | 1.744E-04 0.8992 0.0016 8.576
2 35 120 245 1.864E-04 | 1.696E-04 0.8992 0.0016 8.576
3 34 120 24.5 1.811E-04 | 1.648E-04 0.8992 0.0016 8.576
4 36 120 245 1.918E-04 | 1.744E-04 0.8992 0.0016 8.576
5 35 120 245 1.864E-04 | 1.696E-04 0.8992 0.0016 8.576
1.875E-04 | 1.706E-04
Reading | Q(cm®) | t(sec) | Temp (°C) | k(cnvs) | kzo(cmVs) | Temp Factor Velocity (cmv/s) | Hyd Gradient
1 18 60 25.0 1.918E-04 | 1.744E-04 0.8887 0.0016 8.576
2 19 60 25.0 2.024E-04 | 1.841E-04 0.8887 0.0017 8.576
3 21 60 25.0 2.237E-04 | 2.035E-04 0.8887 0.0019 8.576
4 20 60 25.0 2.131E-04 | 1.938E-04 0.8887 0.0018 8.576
5 21 60 25.0 2.237E-04 | 2.035E-04 0.8887 0.0019 8.576
2.109E-04 | 1.919E-04
Reading | Q(cm®) | t(sec) | Temp (°C) | k(cmis) [ kzo(em/s) | Temp Factor | Velocity (cm/s) | Hyd Gradient
1 40 120 234 | 2.131E-04 | 1.970E-04] _ 0.9225 0.0018 8.576
2 41 120 234 2.184E-04 | 2.020E-04 0.9225 0.0019 8.576
3 41 120 23.4 2.184E-04 | 2.020E-04 0.9225 0.0019 8.576
4 40 120 23.4 2.131E-04 | 1.970E-04 0.9225 0.0018 8.576
5 40 120 23.4 2.131E-04 | 1.970E-04 0.9225 0.0018 8.576
2.152E-04 | 1.990E-04
Reading | Q(cm®) [ t(sec) | Temp(°C) [ k(cms) [ kzo(cmVs) | Temp Factor | Velocity (cmis) | Hyd Gradient
1 35 120 23.6 1.864E-04 | 1.716E-04 0.9183 0.0016 8.576
2 35 120 23.6 1.864E-04 | 1.716E-04 0.9183 0.0016 8.576
3 36 120 23.6 1.918E-04 | 1.765E-04 0.9183 0.0016 8.576
4 35 120 23.6 1.864E-04 | 1.716E-04 0.9183 0.0016 8.576
5 34 120 23.6 1.811E-04 | 1.667E-04 0.9183 0.0016 8.576
1.864E-04 | 1.716E-04

|Avg Perm ] 1.846E-04]cri/s

1

120



D) 30 Minute Saturation Method, Vacuum, and Top Porous Stone

Reading | Q(cm®) | t(sec) | Temp(°C) | k(cnvs) | kzo(cnVs) [ Temp Factor Velocity (cm/s) | Hyd Gradient
1 30 120 25.0 1.598E-04 | 1.454E-04 0.8887 0.0014 8.576
2 30 120 25.0 1.598E-04 | 1.454E-04 0.8887 0.0014 8.576
3 44 180 25.0 1.563E-04 | 1.421E-04 0.8887 0.0013 8.576
4 99 420 25.0 1.507E-04 | 1.371E-04 0.8887 0.0013 8.576
5 30 120 25.0 1.598E-04 | 1.454E-04 0.8887 0.0014 8.576
1.673E-04 | 1.431E-04
Reading | Q(cm® [ t(sec) | Temp (°C) | k(cmis) | keo(cmVs) [ Temp Factor Velocity (cmvs) | Hyd Gradient
1 15 60 22.8 1.598E-04 | 1.498E-04 0.9355 0.0014 8.576
2 15 60 22.8 1.598E-04 | 1.498E-04 0.9355 0.0014 8.576
3 26 120 22.8 1.385E-04 | 1.299E-04 0.9355 0.0012 8.576
4 25 120 22.8 1.332E-04 | 1.249E-04 0.9355 0.0011 8.576
5 25 120 22.8 1.332E-04 | 1.249E-04 0.9355 0.0011 8.576
1.449E-04 | 1.359E-04
Reading | Q(ecm®) | t(sec) | Temp(°C) | k(cmvs) | keo(cmVs) | Temp Factor | Velocity (cm/s) | Hyd Gradient
1 18 60 25.2 1.918E-04 | 1.744E-04 0.8845 0.0016 8.576
2 17 60 25.2 1.811E-04 | 1.648E-04 0.8845 0.0016 8.576
3 17 60 25.2 1.811E-04 | 1.648E-04 0.8845 0.0016 8.576
4 16 60 25.2 1.705E-04 | 1.651E-04 0.8845 0.0015 8.576
5 18 60 25.2 1.918E-04 | 1.744E-04 0.8845 0.0016 8.576
1.832E-04 | 1.667E-04
Reading | Q(em®) | t(sec) | Temp(°C) | k(cmis) | kzo(cm/s) | Temp Factor | Velocity (crvs) Hyd Gradient
1 30 120 24.3 1.508E-04 | 1.454E-04] _ 0.0034 0.0014 8.576
2 29 120 24.3 1.545E-04 | 1.405E-04 0.9034 0.0013 8.576
3 28 120 24.3 1.492E-04 | 1.357E-04 0.9034 0.0013 8.576
4 30 120 24.3 1.598E-04 | 1.454E-04 0.9034 0.0014 8.576
5 31 120 24.3 1.651E-04 | 1.502E-04 0.9034 0.0014 8.576
1.577E-04 | 1.434E-04
Reading | Q(cm®) | t(sec) | Temp(°C) | k{cmis) | keo(cmVs) | Temp Factor Velocity (cm/s) | Hyd Gradient
1 13 60 23.7 1.385E-04 | 1.272E-04 0.9161 0.0012 8.576
2 15 60 23.7 1.598E-04 | 1.467E-04 0.9161 0.0014 8.576
3 14 60 23.7 1.492E-04 | 1.370E-04 0.9161 0.0013 8.576
4 15 60 23.7 1.598E-04 | 1.467E-04 0.9161 0.0014 8.5676
5 15 60 23.7 1.598E-04 | 1.467E-04 0.9161 0.0014 8.576
1.534E-04 | 1.409E-04

|Avg Perm | 1.460E-04]cmvs

]
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E) Overnight Saturation Method, No Vacuum, and Top Steel Disk

Reading | Q(cm®) | t(sec) | Temp(°C) | k(cmvs) | keo(c¥s) | Temp Factor | Velocity (cm/s) | Hyd Gradient
1 5 60 255 5.327E-05 | 4.846E-05 0.8782 0.0005 8.576
2 5 60 25.5 5.327E-05 | 4.846E-05 0.8782 0.0005 8.576
3 5 60 25.5 5.327E-05 | 4.846E-05 0.8782 0.0005 8.576
4 5 60 25.5 5.327E-05 | 4.846E-05 0.8782 0.0005 8.576
5 5 60 25.5 5.327E-05 | 4.846E-05 0.8782 0.0005 8.576
5.327E-05 | 4.846E-05
Reading Q(cm®) | t(sec) | Temp(°C) [ k{cnvs) | kao(cmVs) | Temp Factor | Velocity (crvs) Hyd Gradient
1 10 60 258 | 1.065E-04 | 0.692E-05]  0.8719 0.0009 8.576
2 11 60 25.8 1.172E-04 | 1.066E-04 0.8719 0.0010 8.576
3 10 60 25.8 1.065E-04 | 9.692E-05 0.8719 0.0009 8.576
4 10 60 25.8 1.065E-04 | 9.692E-05 0.8719 0.0009 8.576
5 10 60 25.8 1.065E-04 | 9.692E-05 0.8719 0.0009 8.576
1.087E-04 | 9.885E-05
Reading | Q(cm®) | t(sec) | Temp(°C) [ k{cm/s) | kao{cmVS) | Temp Factor | Velocity (cmis) | Hyd Gradient
1 18 60 26.0 1.918E-04 | 1.744E-04 0.8677 0.0016 8.576
2 18 60 26.0 1.918E-04 | 1.744E-04 0.8677 0.0016 8.576
3 18 60 26.0 1.918E-04 | 1.744E-04 0.8677 0.0016 8.576
4 19 60 26.0 2.024E-04 | 1.841E-04 0.8677 0.0017 8.576
5 18 60 26.0 1.918E-04 | 1.744E-04 0.8677 0.0016 8.576
1.939E-04 | 1.764E-04
Reading | Q(em®) | t(sec) | Temp (°C) | k(cmis) | kao(cVs) [ Temp Factor | Velocity (cnvs) | Hyd Gradient
1 15 60 253 | 1.598E-04 | 1.454E04]  0.8624 0.0014 8.576
2 16 60 25.3 1.705E-04 | 1.551E-04 0.8824 0.0015 8.576
3 18 60 25.3 1.918E-04 | 1.744E-04 0.8824 0.0016 8.576
4 15 60 25.3 1.598E-04 | 1.454E-04 0.8824 0.0014 8.576
5 15 60 25.3 1.598E-04 | 1.454E-04 0.8824 0.0014 8.576
1.683E-04 | 1.531E-04
Reading | Q(cm®) | t(sec) | Temp(°C) | k(cmvs) | kao(cnVs) | Temp Factor | Velocity (cnvs) | Hyd Gradient
1 9 60 25.2 9.588E-05 | 8.722E-05 0.8845 0.0008 8.576
2 9 60 25.2 9.588E-05 | 8.722E-05 0.8845 0.0008 8.576
3 10 60 25.2 1.065E-04 | 9.692E-05 0.8845 0.0009 8.576
4 9 60 25.2 9.588E-05 | 8.722E-05 0.8845 0.0008 8.576
5 9 60 25.2 9.588E-05 | 8.722E-05 0.8845 0.0008 8.576
9.801E-05 | 8.916E-05

[Avg Perm T 1.132E-04[cmvs
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E) Ovemight Saturation Method, No Vacuum, and Top Porous Stone

Reading | Q(cm®) | t(sec) | Temp (°C) [ k(cmis) | kzo{cn¥s) | Temp Factor | Velocity (cmvs) | Hyd Gradient
1 24 120 26.0 1.278E-04 | 1.163E-04 0.8677 0.0011 8.576
2 22 120 26.0 1.172E-04 | 1.066E-04 0.8677 0.0010 8.576
3 22 120 26.0 1.172E-04 | 1.066E-04 0.8677 0.0010 8.576
4 22 120 26.0 1.172E-04 | 1.066E-04 0.8677 0.0010 8.576
5 22 120 26.0 1.172E-04 | 1.066E-04 0.8677 0.0010 8.576
1.193E-04 | 1.085E-04
Reading | Q(cm®) | t(sec) | Temp(°C) | k(cm/s) | kxo(CMVs) | Temp Factor | Velocity (cm/s) | Hyd Gradient
1 12 60 25.6 1.278E-04 | 1.163E-04 0.8761 0.0011 8.576
2 13 60 25.6 1.385E-04 | 1.260E-04 0.8761 0.0012 8.576
3 12 60 25.6 1.278E-04 | 1.163E-04 0.8761 0.0011 8.576
4 12 60 25.6 1.278E-04 | 1.163E-04 0.8761 0.0011 8.576
5 12 60 25.6 1.278E-04 | 1.163E-04 0.8761 0.0011 8.576
1.300E-04 | 1.182E-04
Reading | Q(cm®) | t(sec) | Temp (°C) | k(crvs) | keo(cnV/s) [ Temp Factor | Velocity (cmvs) | Hyd Gradient
1 27 120 25.6 1.438E-04 | 1.308E-04 0.8761 0.0012 8.576
2 28 120 25.6 1.492E-04 | 1.357E-04 0.8761 0.0013 8.576
3 28 120 25.6 1.492E-04 | 1.357E-04 0.8761 0.0013 8.576
4 28 120 25.6 1.492E-04 | 1.357E-04 0.8761 0.0013 8.576
5 27 120 25.6 1.438E-04 | 1.308E-04 0.8761 0.0012 8.576
1.470E-04 | 1.337E-04
Reading | Q(cm® | t(sec) | Temp(°C) | k(cnvs) | Kxo(cmVs) [ Temp Factor | Velocity (cnvs) | Hyd Gradient
1 10 60 24.9 | 1.065E-04 | 9.602E-05]  0.8908 0.0000 8576
2 10 60 249 | 1.065E-04 | 9.692E-05| __0.8908 0.0009 8.576
3 11 60 249 1.172E-04 | 1.066E-04 0.8908 0.0010 8.576
4 10 60 249 1.065E-04 | 9.692E-05 0.8908 0.0009 8.576
5 10 60 24.9 1.065E-04 | 9.692E-05 0.8908 0.0009 8.576
1.087E-04 | 9.885E-05
Reading | Q(cm®) | t(sec) | Temp(°C) | k(cmvs) | Kxo(cm/S) | Temp Factor | Velocity (cm/s) | Hyd Gradient
1 g9 60 247 9.588E-05 | 8.722E-05 0.895 0.0008 8.576
2 10 60 24.7 1.065E-04 | 9.692E-05 0.895 0.0009 8.576
3 10 60 247 1.065E-04 | 9.692E-05 0.895 0.0009 8.576
4 9 60 24.7 9.588E-05 | 8.722E-05 0.895 0.0008 8.576
5 11 60 24.7 1.172E-04 | 1.066E-04 0.895 0.0010 8.576
1.044E-04 | 9.498E-05

|Avg Perm T 1.109E-04]cm/s
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G) Overnight Saturation Method, Vacuum, and Top Steel Disk

Reading | Q(cm®) | t(sec) | Temp (°C) | k(cmis) | ko{CMVS) | Temp Factor Velocity (cm/s) | Hyd Gradient
1 35 60 25.1 3.729E-04 | 3.392E-04 0.8866 0.0032 8.576
2 35 60 25.1 3.729E-04 | 3.392E-04 0.8866 0.0032 8.576
3 34 60 25.1 3.622E-04 | 3.295E-04 0.8866 0.0031 8.576
4 35 60 25.1 3.729E-04 | 3.392E-04 0.8866 0.0032 8.576
5 35 60 25.1 3.729E-04 | 3.392E-04 0.8866 0.0032 8.576
3.707E-04 | 3.373E-04
Reading | Q(cm®) | t(sec) | Temp (°C) | k(cmis) | keo{cmVs) Temp Factor | Velocity (cm/s) [ Hyd Gradient
1 33 60 25.8 3.516E-04 | 3.198E-04 0.8719 0.0030 8.576
2 32 60 25.8 3.409E-04 | 3.101E-04 0.8719 0.0029 8.5676
3 30 60 25.8 3.196E-04 | 2.907E-04 0.8719 0.0027 8.576
4 33 60 25.8 3.516E-04 | 3.198E-04 0.8719 0.0030 8.576
5 33 60 25.8 3.516E-04 | 3.198E-04 0.8719 0.0030 8.576
3.430E-04 | 3.121E-04
Reading | Q(cm®) | t(sec) | Temp (°C) [ k(cmvs) [ keo(cVS) | Temp Factor Velocity (cmv/s) | Hyd Gradient
1 25 60 249 | 2.663E-04 | 2.423E.04] __ 0.8908 0.0023 8.576
2 26 60 24.9 2.770E-04 | 2.520E-04 0.8908 0.0024 8.576
3 25 60 24.9 2.663E-04 | 2.423E-04 0.8908 0.0023 8.576
4 25 60 24.9 2.663E-04 | 2.423E-04 0.8908 0.0023 - 8.576
5 25 60 24.9 2.663E-04 | 2.423E-04 0.8908 0.0023 8.576
2.685E-04 | 2.442E-04
Reading | Q(cm®) | t(sec) | Temp (°C) [ k(cmis) [ kzo(cm/S) | Temp Factor Velocity (cnvs) | Hyd Gradient
1 22 60 23.8 2.344E-04 | 2.147E-04 0.914 0.0020 8.576
2 20 60 23.8 2.131E-04 | 1.952E-04 0.914 0.0018 8.576
3 21 60 23.8 2.237E-04 | 2.050E-04 0.914 0.0019 8.576
4 22 60 23.8 2.344E-04 | 2.147E-04 0.914 0.0020 8.576
5 22 60 23.8 2.344E-04 | 2.147E-04 0.914 0.0020 8.576
2.280E-04 | 2.089E-04
Reading | Q(cm®) | t(sec) | Temp (°C) | k(cmis) [ kxo(cmVs) | Temp Factor Velocity (cm/s) | Hyd Gradient
1 20 60 23.3 2.131E-04 | 1.975E-04 0.9247 0.0018 8.576
2 20 60 23.3 2.131E-04 | 1.975E-04 0.9247 0.0018 8.576
3 21 60 23.3 2.237E-04 | 2.073E-04 0.9247 0.0019 8.576
4 21 60 23.3 2.237E-04 | 2.073E-04 0.9247 0.0019 8.576
5 22 60 23.3 2.344E-04 | 2.172E-04 0.9247 0.0020 8.576
2.216E-04 | 2.054E-04

|Avg Perm | 2.616E-04]cmis

124




H) Overnight Saturation Method, Vacuum, and Top Porous Stone

Reading | Q(cm®) | t(sec) | Temp (°C) | k(cnis) [ kao(cm/S}| Temp Factor Velocity (cm/s) | Hyd Gradient
1 23 60 22.6 2.450E-04 | 2.308E-04 0.9399 0.0021 8.576
2 23 60 22.6 2.450E-04 | 2.308E-04 0.9399 0.0021 8.576
3 23 60 22.6 2.450E-04 | 2.308E-04 0.9399 0.0021 8.576
4 12 30 22.6 2.557E-04 | 2.409E-04 0.9399 0.0022 8.576
5 23 60 22.6 2.450E-04 | 2.308E-04 0.9399 0.0021 8.576
2.472E-04 | 2.329E-04
Reading | Q(cm®) | t(sec) | Temp(°C) | k(cmvs) | kao(cmVs)] Temp Factor | Velocity (cmis) | Hyd Gradient
1 28 60 23.5 2.983E-04 | 2.752E-04 0.9204 0.0026 8.576
2 28 60 23.5 2.983E-04 | 2.752E-04 0.9204 0.0026 8.576
3 29 60 23.5 3.090E-04 | 2.850E-04 0.9204 0.0026 8.576
4 29 60 23.5 3.090E-04 | 2.850E-04 0.9204 0.0026 8.576
5 28 60 23.5 2.983E-04 | 2.752E-04 0.9204 0.0026 8.576
3.026E-04 | 2.791E-04
Reading | Q(cm®) | t{sec) | Temp (°C) | k(cmis) | keo(cnVs) | Temp Factor | Velocity (cnvs) | Hyd Gradient
1 33 60 241 | 3.516E.04 | 3.198E-04] _ 0.9076 0.0030 8.576
2 32 60 241 3.409E-04 | 3.101E-04 0.9076 0.0029 8.576
3 33 60 24.1 3.516E-04 | 3.198E-04 0.9076 0.0030 8.576
4 33 60 241 3.516E-04 | 3.198E-04 0.9076 0.0030 8.576
5 32 60 24.1 3.409E-04 | 3.101E-04 0.9076 0.0029 8.576
3.473E-04 | 3.159E-04
Reading | Q(cm®) | t(sec) | Temp(°C) | k(crvs) | keo(cm/s) | Temp Factor | Velocity (crs) Hyd Gradient
1 32 60 23.8 3.409E-04 | 3.123E-04 0.914 0.0029 8.576
2 33 60 23.8 3.5616E-04 | 3.221E-04 0.914 0.0030 8.576
3 33 60 23.8 3.516E-04 | 3.221E-04 0.914 0.0030 8.576
4 33 60 23.8 3.516E-04 | 3.221E-04 0.914 0.0030 8.576
5 33 60 23.8 3.516E-04 | 3.221E-04 0.914 0.0030 8.576
3.494E-04 | 3.201E-04
|
Reading | Q(cm®) | t(sec) | Temp (°C) [ k(cmis) | keo(cmis) | Temp Factor | Velocity (cm/s) | Hyd Gradient
1 30 60 24.1 3.196E-04 | 2.907E-04 0.9076 0.0027 8.576
2 29 60 24.1 3.090E-04 { 2.811E-04 0.9076 0.0026 8.576
3 29 60 24.1 3.090E-04 | 2.811E-04 0.9076 0.0026 8.576
4 29 60 241 3.090E-04 | 2.811E-04 0.9076 0.0026 8.576
5 30 60 241 3.196E-04 | 2.907E-04 0.9076 0.0027 8.576
3.132E-04 | 2.849E-04

|Avg Perm” T 2.866E-04]cnv/s

—
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APPENDIX D
EFFECT OF FINES ON PERMEABILITY AND DENSITY VALUES

This appendix is provided to study the effect of fines on permeability and density values

of typical Floridasoils. The soil samples used in this study were provided by the FDOT

from various sites. The collected soil samples represent typical subbase materialsused in

conjunction with rigid pavements. Essential |ab tests were performed to obtain basic soil

properties.

D.1 Soil Samples

The soil samples from the six different sources represent the typical subbase material for

constructing rigid pavements in Florida. The FDOT also provided some basic properties

of the samplesas shown in Table D.1.

Table D.1. Descriptions of obtained samples

_ Modified Opt.
FDOT % Passing
) o . Proctor Water
Soil # Description Permeability | # 200 _
] Dry Density Content
(cm/s) (% Fines) .
(pcf) | (gem’) | (%)
1 |72280-3424 004H N/A 9.82 106.61 | 1.709 9.31
2 |Test Pit Tan Sand 6.1375x10™ 4 108.7 1.743 10.9
3 |Beck Pit Subgrade 3.278x10° 2 104.5 1.675 13.6
4 |Goldhead 4.317x10" 6 108.2 1.735 9.2
5 |GrovePark / Whitehurst 2.804x10° 13 119.2 1911 9.2
6 [Middleburg-Clay Co. 4.873x10° 9 109.9 1.762 11.2
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D.1.1 Basic Properties

This section describes the basic properties of the soil material based on an independent

evaluation of laboratory testing by the University of Florida.

D.1.1.1 Grain Size Distribution Analysis

Sieve analyses were performed on the six soil samples using U.S. standard sieves. The

procedure followed ASTM D422.
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Figure D.1. Grain size distribution curves of six Florida soil samples.
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D.2 Variation of Permeability and Density with % fines Sensitivity

The coefficient of permeability of a saturated granular soil is primarily afunction of the
grain-size distribution, the void ratio and the roughness of the mineral particles. An
empirical equation cannot accurately estimate the permeability of a soil simply by using
the given grain size distribution plot. To examine the effect of % fines on the
permeability of various materias, permeability tests were performed on samples of each
soil type. Particles passing through the #200 sieve were separated from each sample,
producing material lacking particles smaller than 0.075mm. Subsequently, a pre-
determined amount of #200 material was added to each same sample to obtain samples
with fixed amount of fines. The designated % fines used for studying fine particle effects
were 0%, 5%, 10%, 15% and 20%. Each prepared sample was compacted in an ASTM
permeability device using a hand-tamper and a vacuum was applied to remove the air
from the sample. Because the six samples were classified as medium to fine sands,
constant head tests were performed for permeability, following the ASTM D2434
standard procedure. Test data of the samples was input into a prepared spreadsheet to
calculate the dry density and the permeability of each sample. The summary of the

results can be seen in Figures D.2 through D.8.
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Plot of relation of k vs. %fines
for various soil samples
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Figure D.2. Permeability values from test results of samples with various % fines.
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Plots of k , density vs. %fines
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Figure D.3. Permeability and density values for sample # 1.
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Figure D.4. Permeability and density values for sample # 2.
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permeability, k (cm/s)
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Figure D.5. Permeability and density values for sample # 3.

Plots of k , density vs. %fines
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Figure D.6. Permeability and density values for sample # 4.

131



permeability, k (cm/s)
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Figure D.7. Permeability and density values for sample # 5.
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Figure D.8. Permeability and density values for sample # 6.
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D.3 Overdl Comparison of Permeability and Density and versus %Fines

This section provides a summary and comparison of the permeability and density values

that resulted based on the six samples and the variation in the percentage of fines.

D.3.1 The effect of % fines on permeability

The addition of fine material to the samplesincreased their densities, thus reducing the
effective pore volumes. Asaresult, areduction in permeability was observed. Inthe ‘%
fines vs. permeability’ plots for the six samples, the permeability declines rapidly as the
% fines increased from 0% to 5%. However, further reduction is minor between 5% to
20% fines. Therefore, for the soils tested, once 5% fines content is reached, further

reduction in k appears minimal.

D.3.2 The effect of % fines on dry density

The six samples were compacted in the cylinder containers using hand-tamping efforts.
The density of the samples prepared by hand effort [Figs. D.3 — D.8] iswithin the 98% of
the density of the samplesin Table D.1 (spec requirement). The energy of the
compaction effort, however, varied dightly for each sample, thus affecting the dry
density. Considering the relationship between the %fines and the dry density ()4) of each
sample, the density tends to increase slightly as the %finesincrease. Thisistrue because
the fine particles fill the voids between the larger particles, resulting in greater sample

densities.
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The average permeability values, density values, and standard deviations of the six

samples are summarized in Table 2-2 and Fig. 2-5.

Table D.2. Avg permeability and density of soil samples and their standard deviations.

% Fines 0 5 10 15
AVG. | STDEV.| AVG. |STDEV.| AVG. |STDEV.| AVG. |STDEV.
ydry, (g/em®)| 1.663 | 0055 | 1719 | 0.051 | 1.741 | 0071 | 1766 | 0.067
k (cm/s) | 1.25E-02|7.53E-03|2.45E-03 | 1.62E-03 | 1.02E-03 | 7.84E-04 | 4.82E-04 | 3.81E-04
1.E+00 ¢ soill
B soil2
A soil 3
1E-01 soil 4
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L O soil 6
~ 1.E-02*\
Fn —+— Average
= A
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Figure D.9. Average permeability of the six samples vs. % fines content.
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APPENDIX E
SAMPLE PREPARATION AND PERMEABILITY TESTING PROCEDURES

This appendix provides the detailed procedures of sample preaparation and permeability

testing propsed for more consistentcy in statewide permeability testing methodology.

E.1 Sample Preparation Procedure

E.1.1 Natura Moisture and Compaction Procedure

1. Weigh out approximately 13 Ib of soil.

2. Add optimum moisture content to soil sample based on Modified Proctor results.

3. Weigh the compaction mold and base plate without spacer or soil using a mass
balance and record mass.

4. Setup compaction mold with spacer (hole on spacer should face down).

5. Placeapre-cut circular aluminum foil sample separator on top of the spacer.

6. Place circular filter paper on top of the aluminum foil sample separator.

7. Add the extension ring to the top of the compaction mold.

8. Compact the soil sample using five (5) lifts with the automatic compaction
machine.

9. Takethe extension ring off the top of the compaction mold and screet the excess
soil off in order to make the soil flush with the top of the mold.

10. Place circular filter paper on top of the soil sample.
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11. Place another spacer (hole side down) to the side of the compaction mold.

12. Undo the securing wing nuts and gently take the mold out of the base plate.

13. Gently flip the mold over and place on top of the spacer |ocated to the side of the
mold.

14. Gently remove the circular aluminum foil sample separator, leaving the circular
filter paper.

15. Weigh the compaction mold, base plate, and soil sample without spacer using a

mass balance and record mass.

E.1.2 Permeameter Setup, Air Evacuation, and Saturation Procedure

1. Setup the constant head device and tubing for the permeability testing apparatus.

2. Setup the permeability testing apparatus by placing a porous stone, a circular filter
paper, and an o-ring on the bottom of the permeability testing apparatus.

3. Gently remove the mold with the soil sample from the compaction base plate and
place in the permeability testing apparatus with the gap on the top.

4. Placethe plate with holes on top of the sample with a spring-loaded spacer.

5. Place an o-ring on the top of the mold.

6. Attach thelid for the permeability testing apparatus, maintaining a good seal with
the o-ring.

7. Tighten the wing nuts and check the sealing of the apparatus.

8. Open the valve on the top of the mold and connect the tubing for the vacuum

(Note: Top chamber should be filled with water).
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9. Slowly apply 5-10 inches mercury pressure to the sample and evacuate the air
from the specimen for a minimum of fifteen minutes.

10. Connect the constant head tubing to the valve on the bottom of the mold.

11. With a constant head of water in the tubing, slowly open the bottom valve and
allow a slow and steady upward flow through the sample until the sampleis
saturated.

12. Once saturated, close the top and bottom valves on the permeameter.

13. Connect the constant head tubing to the valve on the top of the mold.

E.2 Permeability Testing Procedure

1. With aconstant head of water in the tubing, slowly open the top valve and ensure

the top chamber of the permeameter isfilled.

2. Slowly open the bottom valve on the permeameter and alow a slow and steady

downward flow through the sample.

3. Oncewater starts to come out of the bottom valve, check for any leakage.

4. Adjust the water in the constant head device until the water level remains steady.

5. Leavethe samplefor approximately 30 minutes until the outflow from the

discharge has steadied.

6. Place a measuring device under the discharge outlet and begin taking readings.
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